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NUCLEIC ACID AND AMINO ACID SEQUENCES INVOLVED IN PAIN 

PRIORITY 

This application is a Continuation-in-Part of U.S. Application Serial No. 10/219,051, 
filed August 14, 2002, which claims the benefit of U.S Provisional Application No. 60/312,147, 
filed August 14, 2001; U.S. Provisional Application No. 60/346,382, filed November 1, 2001; 
and U.S. Provisional Application No. 60/333,347, filed November 26, 2001. The entire 
teachings of the above applications are incorporated herein by reference. 

SEQUENCE LISTING 

The present application includes a Sequence Listing submitted herewith on three 
identical CD-ROM disks pursuant to 37 C.F.R. § 1.53(e). The information on each CD-ROM is 
identical. Submitted are the Computer Readable Copy (disk 1) of the sequence listing, and Copy 
1 (disk 2) and Copy 2 (disk 3). The following information is identical for each CD-ROM 
submitted: Machine Format: IBM-PC; Operating System: MS-Windows; Files Contained: 
Formal_sequence_listing2ndappl.txt; Size: 7.56MB; Date of Creation: December 19, 2003. The 
information on each CD-ROM is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Pain is a state-dependent sensory experience which can be represented by a constellation 
of distinct types of pain including chronic pain, neuropathic pain, inflammatory pain, and 
physiological pain. Current therapy is, however, either relatively ineffective or accompanies by 
substantial side effects (Sindrup and Jensen, 1999 Pain 83: 389). All of the primary forms of 
pain therapy have been discovered wither empirically through folk medicine, or serendipitously. 
These forms of treatment include opiates, non-steroidal anti-inflammatory drugs (NSAIDS), 
local anesthetics, anticonvulsants, and tricyclic antidepressants (TCAs). 



1 



Recently there has been a great deal of progress in understanding the mechanisms that 
produce pain (McCleskey and Gold, 1999, Annu. Rev. Physiol 61 : 835; Woolf and Salter, 2000, 
Science 288: 1765; Mogil et ah, 2000, Annu. Rev. NeuroscL 23: 777). It is increasingly clear 
that multiple mechanisms operating at different sites, and with different temporal profiles, are 
5 involved. In consequence, there is a need in the art for a shift in pain management from 
treatment essentially by trial and error to a strategy that attempts to identify and treat the 
mechanisms present in a given patient (Woolf and Mannion, 1999, Lancet 353: 1959; Woolf and 
Decosterd, 1999, Pain 82: 1). Accordingly, there is a need in the art for techniques which enable 
the identification of the genes responsible for these mechanisms. 

10 The present invention, in an effort to meet such a need, provides a plurality of genes 

which are differentially expressed in animals which have been subjected to pain. The present 
invention provides advantages over existing measurements of differential expression in that the 
invention provides lower thresholds of differential expression. The present invention thus 
encompasses a much larger number of genes which show differential expression, and therefore 

15 provides a much improved method for identifying a larger number of genes whose expression 
may be directly related to the mechanisms which underlie pain. 

SUMMARY OF THE INVENTION 

The present invention provides a composition comprising two or more isolated 
polynucleotides, wherein each of said two or more isolated polynucleotides is selected from the 
20 polynucleotides of Table 1 1 . 

The present invention also provides a composition comprising two or more isolated 
polynucleotides, wherein each of said two or more isolated polynucleotides is selected from the 
polynucleotides of Table 10. 

The invention also provides a composition comprising two or more isolated 
25 polynucleotides, wherein each of said two or more isolated polynucleotides is selected from the 
group consisting of: (a) a polynucleotide comprising any of the polynucleotides specified in 
Table 1 1 in the columns designated "rat gene" and "human gene"; (b) a polynucleotide encoding 
an amino acid sequence selected from the group consisting of: amino acid sequences which are 
homologous to any of the amino acid sequences specified in Table 1 1 in the columns designated 
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"rat protein" and "human protein" by at least the homology as specified for the respective 
sequence in Table 1 1 in the column designated "%homology" and which encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 1 1 in the 
column designated "identifier"; (c) the amino acid specified in Table 1 1 in the columns 
5 designated "rat protein" and "human protein"; (d) a polynucleotide which hybridizes under high 
stringency conditions to a polynucleotide specified in (a) to (b) and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 1 1 in the 
column designated "identifier"; (e) a polynucleotide the nucleic acid sequence or which deviates 
from the nucleic acid sequences specified in (a) to (c) due to the degeneration of the genetic code 
10 and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 1 1 in the column designated "identifier"; and (f) a polynucleotide which 
represents a fragment, derivative or allelic variation of a nucleic acid sequence specified in (a) to 
(d) and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 1 1 in the column designated "identifier". 

15 The invention further provides polypeptide sequences, indicated by Accession no. in 

Table 11, which are encoded by the polynucleotide sequences shown in Table 1 1 which are 
differentially expressed by at least 1.2 fold across at least three replicate screens of neuronal 
tissue obtained from an animal subjected to pain relative to an animal not subjected to the same 
pain, with a P- value of less than 0.05. 

20 The invention further provides polypeptide sequences, indicated by Accession no. in 

Table 11, which are encoded by the polynucleotide sequences shown in Table 1 1 which are 
differentially expressed by at least 1 .4 fold across at least three replicate screens of neuronal 
tissue obtained from an animal subjected to pain relative to an animal not subjected to the same 
pain, with a P-value of less than 0.05. 

25 The invention further provides human polypeptide sequences, indicated by Accession no. 

in Table 11, which are encoded by the human polynucleotide sequences shown in Table 1 1 
which are differentially expressed by at least 1 .2 fold across at least three replicate screens of 
neuronal tissue obtained from an animal subjected to pain relative to an animal not subjected to 
the same pain, with a P-value of less than 0.05. 
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The invention further provides polypeptide sequences, indicated by Accession no. in 
Table 11, which are encoded by the polynucleotide sequences shown in Table 1 1 which are 
differentially expressed by at least 1.4 fold in an animal subjected to pain relative to an animal 
not subjected to the same pain. 

5 The invention further provides human polypeptide sequences, indicated by Accession no. 

in Table 1 1 , which are encoded by the human polynucleotide sequences shown in Table 1 1 
which are differentially expressed by at least 1 .4 fold in an animal subjected to pain relative to an 
animal not subjected to the same pain. 

The invention further provides human polynucleotide sequences, indicated by Accession 
10 no. in Table 1 1 which are differentially expressed by greater than 1 .4 fold in an animal subjected 
to pain relative to an animal not subjected to pain and polypeptide sequences encoded thereby. 
Preferably, the animal is a human. 

The invention further provides human polynucleotide sequences, indicated by Accession 
no. in Table 11, which are differentially expressed by at least 1 .2 fold across at least three 
15 replicate screens of neuronal tissue obtained from an animal subjected to pain relative to an 
animal not subjected to the same pain, with a p-value of less than 0.05. 

The invention further provides polypeptide sequences, indicated by Accession no. in 
Table 10, which are encoded by the polynucleotide sequences shown in Table 10 which are 
differentially expressed by at least 1.2 fold across at least three replicate screens of neuronal 
20 tissue obtained from an animal subjected to pain relative to an animal not subjected to the same 
pain, with a P-value of less than 0.05. 

The invention further provides polypeptide sequences, indicated by Accession no. in 
Table 10, which are encoded by the polynucleotide sequences shown in Table 10 which are 
differentially expressed by at least 1.4 fold across at least three replicate screens of neuronal 
25 tissue obtained from an animal subjected to pain relative to an animal not subjected to the same 
pain, with a P-value of less than 0.05. 

The invention further provides human polypeptide sequences, indicated by Accession no. 
in Table 10, which are encoded by the human polynucleotide sequences shown in Table 10 
which are differentially expressed by at least 1.2 fold across at least three replicate screens of 
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neuronal tissue obtained from an animal subjected to pain relative to an animal not subjected to 
the same pain, with a P-value of less than 0.05. 

The invention further provides polypeptide sequences, indicated by Accession no. in 
Table 10, which are encoded by the polynucleotide sequences shown in Table 10 which are 
5 differentially expressed by at least 1.4 fold in an animal subjected to pain relative to an animal 
not subjected to the same pain. 

The invention further provides human polypeptide sequences, indicated by Accession no. 
in Table 10 , which are encoded by the human polynucleotide sequences shown in Table 10 
which are differentially expressed by at least 1 .4 fold in an animal subjected to pain relative to an 
10 animal not subjected to the same pain. 

The invention further provides human polynucleotide sequences, indicated by Accession 
no. in Table 10 which are differentially expressed by greater than 1.4 fold in an animal subjected 
to pain relative to an animal not subjected to pain and polypeptide sequences encoded thereby. 
Preferably, the animal is a human. 

15 The invention further provides human polynucleotide sequences, indicated by Accession 

no. in Table 10, which are differentially expressed by at least 1.2 fold across at least three 
replicate screens of neuronal tissue obtained from an animal subjected to pain relative to an 
animal not subjected to the same pain, with a p-value of less than 0.05. 

The present invention provides a composition comprising polynucleotides which are 
20 differentially expressed by at least +/- 1 .2 fold in at least three replicate assays of nerve tissue 
obtained from a nerve injury or inflammation pain model, with a p-value of less than 0.05, 
wherein each of the polynucleotides is selected from the polynucleotides listed in Tables 10, and 
preferably selected from the polynucleotides listed in Table 1 1 . 

In one embodiment, each of the two or more isolated polynucleotides is differentially 
25 expressed by at least 1 .4 fold in the nerve tissue of an animal subjected to pain relative to the 

animal not subjected to the pain, and alternatively, are differentially expressed by at least 1.4 fold 
across three replicate assays of expression in nerve tissue obtained from a nerve injury pain 
model with a p-value of less than 0.05. 
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In an alternate embodiment, each of the two or more isolated polynucleotides is 
differentially expressed by at least 2 fold in the neurons of an animal subjected to pain relative to 
the animal not subjected to the pain. 



In one embodiment, the nerve tissue is the sensory neurons of the dorsal root ganglion, or 
5 dorsal horn of the spinal cord. 

The present invention provides a composition comprising two or more isolated polynucleotides, 
wherein each of said two or more isolated polynucleotides is selected from the polynucleotides 
of Tables 1 or 2 or a sequence which hybridizes under high stringency conditions thereto, and 
wherein at least one of said two or more isolated polynucleotides is unique to Table 2, or a 
10 sequence which hybridizes under high stringency conditions thereto. 

The invention also provides a composition comprising two or more isolated 
polynucleotides, wherein each of said two or more isolated polynucleotides is selected from the 
group consisting of: a polynucleotide comprising any of the polynucleotides specified in Table 1 
or 2 in the columns designated "rat gene" and "human gene", and wherein at least one of said two 

15 or more isolated polynucleotides is unique to Table 2 in the columns designated "rat gene" and 
"human gene"; a polynucleotide encoding an amino acid sequence selected from the group 
consisting of: amino acid sequences which are homologue to any of the amino acid specified in 
Table 2 in the columns designated "rat protein" and "human protein" by at least the homology as 
specified for the respective sequence in Table 2 in the column designated "%homology" and 

20 encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; and the amino acid specified in Table 2 in the 
columns designated "rat protein" and "human protein"; a polynucleotide which hybridizes under 
high stringency conditions to a polynucleotide specified in (a) to (b) and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 

25 column designated "identifier"; a polynucleotide the nucleic acid sequence or which deviates 

from the nucleic acid sequences specified in (a) to (c) due to the degeneration of the genetic code 
and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in the column designated "identifier"; and a polynucleotide which represents 
a fragment, derivative or allelic variation of a nucleic acid sequence specified in (a) to (d) and 
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encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier". 

The invention further provides polypeptide sequences, indicated by Accession no. in 
Table 2, which are encoded by the polynucleotide sequences shown in Tables 2 which are 
5 differentially expressed by at least 1 .2 fold across at least three replicate screens of neuronal 
tissue obtained from an animal subjected to pain relative to an animal not subjected to the same 
pain, with a P-value of less than 0.05. 

The invention further provides human polypeptide sequences, indicated by Accession no. 
in Table 2, which are encoded by the human polynucleotide sequences shown in Tables 2 which 
10 are differentially expressed by at least 1 .2 fold across at least three replicate screens of neuronal 
tissue obtained from an animal subjected to pain relative to an animal not subjected to the same 
pain, with a P-value of less than 0.05. 

The invention further provides polypeptide sequences, indicated by Accession no. in 
Tables 2 or 3, which are encoded by the polynucleotide sequences shown in Tables 2 or 3 which 
15 are differentially expressed by at least 1.4 fold in an animal subjected to pain relative to an 
animal not subjected to the same pain. 

The invention further provides human polypeptide sequences, indicated by Accession no. 
in Tables 2 or 3, which are encoded by the human polynucleotide sequences shown in Tables 2 
or 3 which are differentially expressed by at least 1.4 fold in an animal subjected to pain relative 
20 to an animal not subjected to the same pain. 

The invention further provides human polynucleotide sequences, indicated by Accession 
no. in Table 2 or 3 which are differentially expressed by greater than 1.4 fold in an animal 
subjected to pain relative to an animal not subjected to pain and polypeptide sequences encoded 
thereby. Preferably, the animal is a human. 

25 The invention further provides human polynucleotide sequences, indicated by Accession 

no. in Table 2, which are differentially expressed by at least 1.2 fold across at least three 
replicate screens of neuronal tissue obtained from an animal subjected to pain relative to an 
animal not subjected to the same pain, with a p-value of less than 0.05. 
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Table 1 of the present invention includes polynucleotide sequences which have been 
examined using the methods described herein, and have been previously individually described 
in the art as being regulated in animal models of pain. Not all of the polynucleotides shown in 
Table 1, however, are "differentially expressed" according to the present invention. The 
5 invention is based, in part, upon the discovery that certain polynucleotides shown in Table 1 are 
differentially expressed in nerve tissue. Those polynucleotides indicated as having a Fold 
change of +/- 1 .4 or greater are differentially expressed. 

Table 2 and 3 of the present invention include polynucleotide sequences which have not 
been previously described in the art as being regulated in animal pain models and which have 

10 been analyzed in at least three replicate screens of neuronal tissue from animals subjected to 

pain, and have attained a statistical significance of p<0.05. Table 2 and 3, however, also include 
one or more of the sequence indicated in Table 1 . Accordingly, the phrase "unique to Table x" 
refers to a sequence which is indicated in Table x, and is not indicated in Table 1. Therefore, the 
invention also is based, in part, upon the discovery that polynucleotides (listed in Tables 2 and 3) 

15 are differentially expressed in nerve tissue obtained from an animal subjected to pain relative to 
an animal not subjected to the same pain. This discovery is demonstrated in nerve injury models 
of pain: e.g., spared nerve injury, axotomy, chronic constriction, and nerve ligation, and 
inflammation pain models. Each of tables 2 and 3 represents a polynucleotide sequence which is 
identified herein as being differentially expressed in an animal subjected to pain by at least 1.4 

20 fold relative to the expression of -the same sequence in an animal which has not been subjected to 
the same pain. Table 2 represents sequences which have been analyzed in at least three replicate 
assays of differential expression and are differentially expressed by at least 1.4 fold in an animal 
subjected to pain relative to an animal not subjected to pain, and have a statistical significance of 
P<0.05. Thus, each of the polynucleotides shown in Tables 2 or 3 is differentially expressed in 

25 an animal subjected to pain according to the present invention. 

Table 4 and 5 of the present invention include polynucleotide sequences which have not 
been previously described in the art as being regulated in an animal pain model, and which have 
been identified herein as being differentially expressed in an animal subjected to inflammatory 
pain by at least 1 .4 fold. All of the sequences in Tables 4 and 5 are identified herein as being 
30 differentially expressed, and a number of the polynucleotides indicated in Tables 4 and 5 have 
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also been included in Table 2, as having attained a statistical significance of p<0.05 in three 
replicate analyses of gene expression. 

Accordingly, the present invention provides a composition comprising polynucleotides which are 
differentially expressed by at least +/- 1.2 fold in at least three replicate assays of nerve tissue 
5 obtained from a nerve injury or inflammation pain model, with a p-value of less than 0.05, 

wherein each of the polynucleotides is selected from the polynucleotides listed in Tables 1 or 2, 
and wherein at least one of the polynucleotides is selected from the polynucleotides listed in 
Table 2. 

In one embodiment, each of the two or more isolated polynucleotides is differentially 
1 0 expressed by at least 1 .4 fold in the nerve tissue of an animal subjected to pain relative to the 

animal not subjected to the pain, and alternatively, are differentially expressed by at least 1.4 fold 
across three replicate assays of expression in nerve tissue obtained from a nerve injury pain 
model with a p-value of less than 0.05. 

In an alternate embodiment, each of the two or more isolated polynucleotides is 
15 differentially expressed by at least 2 fold in the neurons of an animal subjected to pain relative to 
the animal not subjected to the pain. 

In one embodiment, the nerve tissue is the sensory neurons of the dorsal root ganglion, or 
dorsal horn of the spinal cord. 

The invention also provides a plurality of vectors each comprising an isolated 
20 polynucleotide, wherein each of the isolated polynucleotides is selected from Table 1, 2, 3, 4, or 
5, or a sequence which hybridizes under high stringency conditions thereto, and wherein at least 
one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5, or a sequence which 
hybridizes under high stringency conditions thereto. 

The invention also provides a plurality of vectors each comprising an isolated 
25 polynucleotide, wherein each of the isolated polynucleotides is selected from Table 10 and/or 11, 
or a sequence which hybridizes under high stringency conditions thereto. 
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The invention further provides a plurality of viral vectors each comprising an isolated 
polynucleotide, wherein each of the isolated polynucleotides is selected from Table 1, 2, 3, 4, or 
5, or a sequence which hybridizes under high stringency conditions thereto, and wherein at least 
one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5 or a sequence which 
5 hybridizes under high stringency conditions thereto. 

The invention further provides a plurality of viral vectors each comprising an isolated 
polynucleotide, wherein each of the isolated polynucleotides is selected from Table 10 and/or 11, 
or a sequence which hybridizes under high stringency conditions thereto. 

The invention further provides a plurality of vectors each comprising an isolated 

10 polynucleotide, wherein each of said two or more isolated polynucleotides is selected from the 
group consisting of: (a) a polynucleotide comprising any of the polynucleotides specified in 
Table 1-2 in the columns designated "rat gene" and "human gene", and wherein at least one of 
said two or more isolated polynucleotides is unique to Table 2 in the columns designated "rat 
gene" and "human gene"; (b) a polynucleotide encoding an amino acid sequence selected from 

15 the group consisting of: (i) amino acid sequences which are homologue to any of the amino acid 
specified in Table 2 in the columns designated "rat protein" and "human protein" by at least the 
homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; (ii) the amino acid 

20 specified in Table 2 in the columns designated "rat protein" and "human protein"; (c) a 

polynucleotide which hybridizes under high stringency conditions to a polynucleotide specified 
in (a) to (b) and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; (d) a polynucleotide the 
nucleic acid sequence or which deviates from the nucleic acid sequences specified in (a) to (c) 

25 due to the degeneration of the genetic code and encodes a polypeptide exhibiting the biological 
function as specified for the respective sequence in Table 2 in the column designated "identifier"; 
(e) a polynucleotide which represents a fragment, derivative or allelic variation of a nucleic acid 
sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier". 
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The invention further provides a plurality of vectors each comprising an isolated 
polynucleotide, wherein each of said two or more isolated polynucleotides is selected from the 
group consisting of: (a) a polynucleotide comprising any of the polynucleotides specified in 
Table 10 and/or 1 1 in the columns designated "rat gene" and "human gene"; (b) a polynucleotide 
5 encoding an amino acid sequence selected from the group consisting of: (i) amino acid sequences 
which are homologue to any of the amino acid specified in Table 10 and/or 1 1 in the columns 
designated "rat protein" and "human protein" by at least the homology as specified for the 
respective sequence in Table 10 and/or 1 1 in the column designated "%homology" and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 

10 10 or 1 1 in the column designated "identifier"; (ii) the amino acid specified in Table 10 or 1 1 in 
the columns designated "rat protein" and "human protein"; (c) a polynucleotide which hybridizes 
under high stringency conditions to a polynucleotide specified in (a) to (b) and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 
10 or 1 1 in the column designated "identifier"; (d) a polynucleotide the nucleic acid sequence or 

15 which deviates from the nucleic acid sequences specified in (a) to (c) due to the degeneration of 
the genetic code and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 10 or 1 1 in the column designated "identifier"; (e) a polynucleotide 
which represents a fragment, derivative or allelic variation of a nucleic acid sequence specified 
in (a) to (d) and encodes a polypeptide exhibiting the biological function as specified for the 

20 respective sequence in Table 10 or 1 1 in the column designated "identifier". 

In one embodiment, the vectors described above are contained within a host cell. 

The invention further provides a method for identifying a nucleotide sequence which is 
differentially regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid 
sample corresponding to RNA obtained from the animal to at least three replicates of a nucleic 
25 acid sample comprising one or more nucleic acid molecules of known identity; measuring the 
hybridization of the nucleic acid sample to the one or more nucleic acid molecules of known 
identity for each of the replicates, wherein a 1 .2 fold difference in the hybridization, and a p- 
value of less than 0.05 across the at least three replicates, of the nucleic acid sample to the one or 
more nucleic acid molecules of known identity relative to a nucleic acid sample obtained from an 
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animal which has not been subjected to the pain is indicative of the differential expression of the 
nucleotide sequence in the animal subjected to pain. 

The present invention also provides a method for identifying a nucleotide sequence which 
is differentially regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid 
5 sample corresponding to RNA obtained from the animal to a nucleic acid sample comprising one 
or more nucleic acid molecules of known identity; measuring the hybridization of the nucleic 
acid sample to the one or more nucleic acid molecules of known identity, wherein a 1.4 fold 
difference in the hybridization of the nucleic acid sample to the one or more nucleic acid 
molecules of known identity relative to a nucleic acid sample obtained from an animal which has 
10 not been subjected to the pain is indicative of the differential expression of the nucleotide 
sequence in the animal subjected to pain. 

The invention further provides a method for identifying a nucleotide sequence which is 
differentially regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid 
sample corresponding to RNA obtained from the animal to at least three replicates of an array 

15 comprising a solid substrate and one or more nucleic acid molecules of known identity; wherein 
each nucleic acid member has a unique position and is stably associated with the solid substrate; 
and measuring the hybridization of the nucleic acid sample to the at least three replicates of the 
array, wherein a 1.2 fold difference in the hybridization, and a p-value of less than 0.05 across 
the at least three replicates, of the nucleic acid sample to the one or more nucleic acid molecules 

20 of known identity comprising the array relative to a nucleic acid sample obtained from an animal 
which has not been subjected to the pain is indicative of the differential expression of the 
nucleotide sequence in the animal subjected to pain. 

The invention still further provides a method for identifying a nucleotide sequence which 
is differentially regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid 
25 sample corresponding to RNA obtained from an animal which has been subjected to pain to an 
array comprising a solid substrate and a plurality of nucleic acid members; wherein each nucleic 
acid member has a unique position and is stably associated with the solid substrate; and 
measuring the hybridization of the nucleic acid sample to the array, wherein a 1.4 fold difference 
in the hybridization of the nucleic acid sample to one or more nucleic acid members comprising 
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the array relative to a nucleic acid sample obtained from an animal which has not been subjected 
to the pain is indicative of the differential expression of the nucleotide sequence in the animal 
subjected to pain. 

In one embodiment, any of the preceding methods for identifying a nucleotide sequence 
5 which is differentially regulated in an animal subjected to pain may further comprise the step of 
verifying the differential expression of the nucleotide sequence by a molecular procedure 
selected from the group consisting of Northern analysis, in situ hybridization, and PCR. 

The invention provides a method for identifying a nucleotide sequence which is 
differentially regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid 

10 sample corresponding to RNA obtained from an animal which has been subjected to pain to an 
array comprising a solid substrate and a plurality of nucleic acid members; wherein each nucleic 
acid member has a unique position and is stably associated with the solid substrate; measuring 
the hybridization of the nucleic acid sample to the array, wherein a 1.4 fold difference in the 
hybridization of the nucleic acid sample to one or more nucleic acid members comprising the 

1 5 array relative to a nucleic acid sample obtained from an animal which has not been subjected to 
the pain is indicative of the differential expression of the nucleotide sequence in the animal 
subjected to pain; and verifying the differential expression of the nucleotide sequence by a 
molecular procedure selected from the group consisting of Northern analysis, in situ 
hybridization, and PCR. 

20 In one embodiment, a 1 .4 fold change in the hybridization of the nucleic acid sample to 

one or more nucleic acid members comprising the array relative to a nucleic acid sample 
obtained from an animal which has not been subjected to the pain is indicative of the differential 
expression of the nucleotide sequence following pain. 

In a further embodiment, a 2 fold change in the hybridization of the nucleic acid sample 
25 to one or more nucleic acid members comprising the array relative to a nucleic acid sample 

obtained from an animal which has not been subjected to the pain is indicative of the differential 
expression of the nucleotide sequence following pain. 
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In one embodiment, the nucleic acid sample is labeled with a detectable label prior to the 
hybridization to the array. 



In a further embodiment, the above methods for identifying a nucleic acid sequence 
which is differentially regulated in an animal subjected to pain further comprises the step of 
5 isolating the nucleic acid sample from the animal. 

In one embodiment, nucleic acid sample is cRNA. 

The present invention also provides an array comprising: a plurality of polynucleotide 
members, wherein each of the polynucleotide members is selected from Table 1, 2, 3, 4, or 5 and 
wherein at least one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5; and a solid 
10 substrate, wherein each polynucleotide member has a unique position on the array and is stably 
associated with the solid substrate. Such an array will be referred to herein as a "pain specific 
array". 

The invention still further provides an array comprising: a plurality of polynucleotide 
members, wherein each of the polynucleotide members is selected from Table 1, 2, 3, 4, or 5, 

15 and wherein at least one of the isolated polynucleotides is unique to Table 2, 3, 4, or 5 and 
wherein the plurality of polynucleotide members are obtained from neuronal tissue obtained 
from at least two different species of animal; and a solid substrate, wherein each polynucleotide 
member obtained from each of the two different species has a unique position on the array and is 
stably associated with the solid substrate. Such an array will be referred to herein as a "pain 

20 specific array". 

The invention also comprises an array comprising: (a) a plurality of polynucleotide 
members, wherein each of said plurality of polynucleotides is selected from the group consisting 
of: (i) a polynucleotide comprising any of the polynucleotides specified in Table 1-2 in the 
columns designated "rat gene" and "human gene", and wherein at least one of said two or more 
25 isolated polynucleotides is unique to Table 2 in the columns designated "rat gene" and "human 
gene"; (ii) a polynucleotide encoding an amino acid sequence selected from the group consisting 
of: (1) amino acid sequences which are homologue to any of the amino acid specified in Table 2 
in the columns designated "rat protein" and "human protein" by at least the homology as 
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specified for the respective sequence in Table 2 in the column designated "%homology" and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; (2) the amino acid specified in Table 2 in the 
columns designated "rat protein" and "human protein"; (iii) a polynucleotide which hybridizes 
5 under high stringency conditions to a polynucleotide specified in (i) to (ii) and encodes a 

polypeptide exhibiting the biological function as specified for the respective sequence in Table 2 
in the column designated "identifier"; (iv) a polynucleotide the nucleic acid sequence or which 
deviates from the nucleic acid sequences specified in (i) to (iii) due to the degeneration of the 
genetic code and encodes a polypeptide exhibiting the biological function as specified for the 

10 respective sequence in Table 2 in the column designated "identifier"; (v) a polynucleotide which 
represents a fragment, derivative or allelic variation of a nucleic acid sequence specified in (i) to 
(iv) and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in the column designated "identifier"; and (b) a solid substrate, wherein each 
polynucleotide member has a unique position on said array and is stably associated with said 

15 solid substrate. 

The present invention also provides an array comprising: a plurality of polynucleotide 
members, wherein each of the polynucleotide members is selected from Table 10 and/or 1 1 ; and 
a solid substrate, wherein each polynucleotide member has a unique position on the array and is 
stably associated with the solid substrate. Such an array will be referred to herein as a "pain 
20 specific array". 

The invention still further provides an array comprising: a plurality of polynucleotide 
members, wherein each of the polynucleotide members is selected from Table 10 and/or 11, 
wherein the plurality of polynucleotide members are obtained from neuronal tissue obtained 
from at least two different species of animal; and a solid substrate, wherein each polynucleotide 
25 member obtained from each of the two different species has a unique position on the array and is 
stably associated with the solid substrate. Such an array will be referred to herein as a "pain 
specific array". 

The invention also comprises an array comprising: (a) a plurality of polynucleotide 
members, wherein each of said plurality of polynucleotides is selected from the group consisting 
30 of: (i) a polynucleotide comprising any of the polynucleotides specified in Table 10 and/or 1 1 in 
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the columns designated "rat gene" and "human gene"; (ii) a polynucleotide encoding an amino 
acid sequence selected from the group consisting of: (1) amino acid sequences which are 
homologue to any of the amino acid specified in Table 10 and/or 1 1 in the columns designated 
"rat protein" and "human protein" by at least the homology as specified for the respective 
5 sequence in Table 10 and/or 1 1 in the column designated "%homology" and encodes a 

polypeptide exhibiting the biological function as specified for the respective sequence in Table 
10 and/or 11 in the column designated "identifier"; (2) the amino acid specified in Table 10 
and/or 1 1 in the columns designated "rat protein" and "human protein"; (iii) a polynucleotide 
which hybridizes under high stringency conditions to a polynucleotide specified in (i) to (ii) and 

10 encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 10 and/or 1 1 in the column designated "identifier"; (iv) a polynucleotide the nucleic acid 
sequence or which deviates from the nucleic acid sequences specified in (i) to (iii) due to the 
degeneration of the genetic code and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 11 in the column designated "identifier"; 

15 (v) a polynucleotide which represents a fragment, derivative or allelic variation of a nucleic acid 
sequence specified in (i) to (iv) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
and (b) a solid substrate, wherein each polynucleotide member has a unique position on said 
array and is stably associated with said solid substrate. 

20 In one embodiment, the plurality of polynucleotide members is differentially expressed 

by at least 1 .2 fold across at least three replicate assays of expression in neuronal tissue of an 
animal subjected to pain with a p-value of less than 0.05 relative to an animal not subjected to 
the pain. 

In one embodiment, the plurality of polynucleotide members is differentially expressed 
25 by at least 1 .4 fold in the neurons of the animal subjected to pain relative to an animal not 
subjected to the pain. 

In a further embodiment, the array comprises from 10 to 20,000 polynucleotide members. 

In one embodiment, the array further comprises negative and positive control sequences 
and quality control sequences selected from the group consisting of cDNA sequences encoded by 
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housekeeping genes, plant gene sequences, bacterial sequences, PCR products and vector 
sequences. 



The invention further provides a method of identifying an agent that increases or 
decreases the expression of a polynucleotide sequence that is differentially expressed in neuronal 
5 tissue of a first animal which is subjected to pain comprising: administering the agent to the first 
animal; hybridizing nucleic acid isolated from one or more sensory neurons of the first and a 
second animal to a pain specific array; and measuring the hybridization of the nucleic acid 
isolated from the neuronal tissue of the first and second animal to the array; wherein an increase 
in hybridization of the nucleic acid from the first animal to one or more nucleic acid members of 

10 the array relative to hybridization of the nucleic acid from a second animal which is subjected to 
pain but to which is not administered the agent to one or more nucleic acid members of the array 
identifies the agent as increasing the expression of the polynucleotide sequence, and wherein a . 
decrease in hybridization of the nucleic acid from the first animal to one or more nucleic acid 
members of the array relative to the hybridization of the nucleic acid from second animal to one 

15 or more nucleic acid members of the array identifies the agent as decreasing the expression of the 
polynucleotide sequence. 

In one embodiment, the preceding method further comprises the step of verifying the 
increase or decrease in the hybridization by a molecular procedure selected from the group 
consisting of Northern analysis, in situ hybridization, and PCR. 

20 In one embodiment, the nucleic acid sample isolated from the first and second animal is 

labeled with a detectable label prior to the hybridization to the array. 

In a further embodiment, the nucleic acid sample isolated from the first animal is labeled 
with a different detectable label than the nucleic acid sample isolated from the second animal. 

The invention also provides a method for identifying a compound which regulates the 
25 expression of a polynucleotide sequence which is differentially expressed in an animal subjected 
to pain, comprising: (a) providing a cell comprising and capable of expressing one or more of the 
polynucleotide selected from the group consisting of: (i) a polynucleotide comprising any of the 
polynucleotides specified in Table 1-2 in the columns designated "rat gene" and "human gene", 
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and wherein at least one of said two or more isolated polynucleotides is unique to Table 2 in the 
columns designated "rat gene" and "human gene"; (ii) a polynucleotide encoding an amino acid 
sequence selected from the group consisting of: (1) amino acid sequences which are homologue 
to any of the amino acid specified in Table 2 in the columns designated "rat protein" and "human 
5 protein" by at least the homology as specified for the respective sequence in Table 2 in the 
column designated "%homology" and encodes a polypeptide exhibiting the biological function 
as specified for the respective sequence in Table 2 in the column designated "identifier"; (2) the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human protein"; 
(iii) a polynucleotide which hybridizes under high stringency conditions to a polynucleotide 

10 specified in (i) to (ii) and encodes a polypeptide exhibiting the biological function as specified 
for the respective sequence in Table 2 in the column designated "identifier"; (iv) a 
polynucleotide the nucleic acid sequence or which deviates from the nucleic acid sequences 
specified in (i) to (iii) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 

15 column designated "identifier"; (v) a polynucleotide which represents a fragment, derivative or 
allelic variation of a nucleic acid sequence specified in (i) to (iv) and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 
column designated "identifier"; (b) contacting said cell with a candidate compound; and (c) 
measuring the expression of said one or more of the polynucleotide specified supra, wherein if 

20 the expression of said differentially expressed polynucleotide sequence is increased in an animal 
which is subjected to pain, then said candidate modulator will be considered to regulate the 
expression of said polynucleotide if the expression of said polynucleotide is decreased by at least 
10% in the presence of said candidate modulator, and wherein if the expression of said 
differentially expressed polynucleotide sequence is decreased in an animal subjected to pain, 

25 then said candidate modulator will be considered to regulate the expression of said 

polynucleotide if the expression of said polynucleotide is increased by at least 10% in the 
presence of said candidate modulator. 

The invention also provides a method for identifying a compound which regulates the 
expression of a polynucleotide sequence which is differentially expressed in an animal subjected 
30 to pain, comprising: (a) providing a cell comprising and capable of expressing one or more of the 
polynucleotide selected from the group consisting of: (i) a polynucleotide comprising any of the 
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polynucleotides specified in Table 10 and/or 1 1 in the columns designated "rat gene 1 ' and 
"human gene"; (ii) a polynucleotide encoding an amino acid sequence selected from the group 
consisting of: (1) amino acid sequences which are homologue to any of the amino acid specified 
in Table 10 and/or 1 1 in the columns designated "rat protein" and "human protein" by at least the 
5 homology as specified for the respective sequence in Table 10 and/or 1 1 in the column 
designated "%homology" and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
(2) the amino acid specified in Table 10 and/or 1 1 in the columns designated "rat protein" and 
"human protein"; (iii) a polynucleotide which hybridizes under high stringency conditions to a 

10 polynucleotide specified in (i) to (ii) and encodes a polypeptide exhibiting the biological function 
as specified for the respective sequence in Table 10 and/or 1 1 in the column designated 
"identifier"; (iv) a polynucleotide the nucleic acid sequence or which deviates from the nucleic 
acid sequences specified in (i) to (iii) due to the degeneration of the genetic code and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 

15 10 and/or 1 1 in the column designated "identifier"; (v) a polynucleotide which represents a 
fragment, derivative or allelic variation of a nucleic acid sequence specified in (i) to (iv) and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 10 and/or 1 1 in the column designated "identifier"; (b) contacting said cell with a 
candidate compound; and (c) measuring the expression of said one or more of the polynucleotide 

20 specified supra, wherein if the expression of said differentially expressed polynucleotide 

sequence is increased in an animal which is subjected to pain, then said candidate modulator will 
be considered to regulate the expression of said polynucleotide if the expression of said 
polynucleotide is decreased by at least 10% in the presence of said candidate modulator, and 
wherein if the expression of said differentially expressed polynucleotide sequence is decreased in 

25 an animal subjected to pain, then said candidate modulator will be considered to regulate the 

expression of said polynucleotide if the expression of said polynucleotide is increased by at least 
10% in the presence of said candidate modulator. 

The invention also provides a method for identifying a compound which regulates the 
expression of a polynucleotide sequence which is differentially expressed in an animal subjected 
30 to pain, comprising: providing a cell comprising and capable of expressing one or more of the 
polynucleotide sequences shown in Tables 1, 2, 3, 4, or 5; contacting the cell with a candidate 
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compound; and measuring the expression of the one or more of the polynucleotide sequences 
shown in Tables 1, 2, 3, 4, or 5, wherein an increase or decrease in the expression of the one or 
more of the polynucleotide sequences shown in Table 1, 2, 3, 4, or 5 of at least 10% is indicative 
of regulation of the differentially expressed polynucleotide sequence. 

5 The invention still further provides a method for identifying a compound which regulates 

the activity of one or more of the polypeptides shown in Table 1, 2, 3, 4, or 5, or the activity of a 
polypeptide encoded by a polynucleotide sequence indicated in Table 1, 2, 3, 4, or 5 comprising: 
providing a cell comprising the one or more polypeptides; contacting the cell with a candidate 
compound; and measuring the activity of the one or more polypeptides, wherein an increase or 
10 decrease of the activity of the one or more polypeptides of at least 10% relative to the activity of 
the one or more polypeptides in the cell, wherein the cell is not contacted with the candidate 
compound, identifies the candidate compound as a compound which regulates the activity of the 
one or more polypeptides. 

The invention also provides a method for identifying a compound which regulates the 
expression of a polynucleotide sequence which is differentially expressed in an animal subjected 
to pain, comprising: providing a cell comprising and capable of expressing one or more of the 
polynucleotide sequences shown in Tables 10 and/or 11; contacting the cell with a candidate 
compound; and measuring the expression of the one or more of the polynucleotide sequences 
shown in Tables 10 and/or 1 1 , wherein an increase or decrease in the expression of the one or 
more of the polynucleotide sequences shown in Table 10 and/or 1 1 of at least 10% is indicative 
of regulation of the differentially expressed polynucleotide sequence. 

The invention still further provides a method for identifying a compound which regulates 
the activity of one or more of the polypeptides shown in Table 10 and/or 1 1, or the activity of a 
polypeptide encoded by a polynucleotide sequence indicated in Table 10 and/or 1 1 comprising: 
25 providing a cell comprising the one or more polypeptides; contacting the cell with a candidate 
compound; and measuring the activity of the one or more polypeptides, wherein an increase or 
decrease of the activity of the one or more polypeptides of at least 10% relative to the activity of 
the one or more polypeptides in the cell, wherein the cell is not contacted with the candidate 
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compound, identifies the candidate compound as a compound which regulates the activity of the 
one or more polypeptides. 

In one embodiment, the candidate compound is selected from the group consisting of 
small molecule, protein, RNAi, and antisense. 

5 In a further embodiment, the candidate compound is an antibody which binds to the 

polypeptide. 

The invention also provides a method for producing a pharmaceutical formulation 
comprising: providing a cell comprising the one or more polypeptides; selecting a compound 
which regulates the activity of the one or more polypeptides; and mixing the compound with a 
10 carrier. 

In one embodiment, the step of selecting comprises the steps of contacting the cell with a 
candidate compound; and measuring the activity of the one or more polypeptides, wherein an 
increase or decrease of the activity of the one or more polypeptides of at least 10% relative to the 
activity of the one or more polypeptides in the cell, wherein the cell is not contacted with the 
15 candidate compound, identifies the candidate compound as a compound which regulates the 
activity of the one or more polypeptides. 

The invention also provides a method for producing a pharmaceutical formulation 
comprising: (a) providing a cell comprising said one or more polypeptides encoded by a 
polynucleotide selected from the group consisting of: (i) a polynucleotide comprising any of the 

20 polynucleotides specified in Table 1-2 in the columns designated "rat gene" and "human gene", 
and wherein at least one of said two or more isolated polynucleotides is unique to Table 2 in the 
columns designated "rat gene" and "human gene"; (ii) a polynucleotide encoding an amino acid 
sequence selected from the group consisting of: (1) amino acid sequences which are homologue 
to any of the amino acid specified in Table 2 in the columns designated "rat protein" and "human 

25 protein" by at least the homology as specified for the respective sequence in Table 2 in the 

column designated "%homology" and encodes a polypeptide exhibiting the biological function 
as specified for the respective sequence in Table 2 in the column designated "identifier"; (2) the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human protein"; 
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(iii) a polynucleotide which hybridizes under high stringency conditions to a polynucleotide 
specified in (i) to (ii) and encodes a polypeptide exhibiting the biological function as specified 
for the respective sequence in Table 2 in the column designated "identifier 1 '; (iv) a 
polynucleotide the nucleic acid sequence or which deviates from the nucleic acid sequences 
5 specified in (i) to (iii) due to the degeneration of the genetic code and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 
column designated "identifier"; (v) a polynucleotide which represents a fragment, derivative or 
allelic variation of a nucleic acid sequence specified in (i) to (iv) and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 
10 column designated "identifier"; (b) selecting a compound which regulates the activity of said one 
or more polypeptides; and (c) mixing said compound with a carrier. 

The invention also provides a method for producing a pharmaceutical formulation 
comprising: (a) providing a cell comprising said one or more polypeptides encoded by a 
polynucleotide selected from the group consisting of: (i) a polynucleotide comprising any of the 

15 polynucleotides specified in Table 10 and/or 1 1 in the columns designated "rat gene" and 

"human gene"; (ii) a polynucleotide encoding an amino acid sequence selected from the group 
consisting of: (1) amino acid sequences which are homologue to any of the amino acid specified 
in Table 10 and/or 1 1 in the columns designated "rat protein" and "human protein" by at least the 
homology as specified for the respective sequence in Table 10 and/or 1 1 in the column 

20 designated "%homology" and encodes a polypeptide exhibiting the biological function as 

specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
(2) the amino acid specified in Table 10 and/or 1 1 in the columns designated "rat protein" and 
"human protein"; (iii) a polynucleotide which hybridizes under high stringency conditions to a 
polynucleotide specified in (i) to (ii) and encodes a polypeptide exhibiting the biological function 

25 as specified for the respective sequence in Table 10 and/or 1 1 in the column designated 

"identifier"; (iv) a polynucleotide the nucleic acid sequence or which deviates from the nucleic 
acid sequences specified in (i) to (iii) due to the degeneration of the genetic code and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 
10 and/or 1 1 in the column designated "identifier"; (v) a polynucleotide which represents a 

30 fragment, derivative or allelic variation of a nucleic acid sequence specified in (i) to (iv) and 

encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
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in Table 10 and/or 11 in the column designated "identifier"; (b) selecting a compound which 
regulates the activity of said one or more polypeptides; and (c) mixing said compound with a 
carrier. 

In one embodiment, the step of selecting comprises the steps of contacting said cell with 
5 a candidate compound; and measuring the activity of said one or more polypeptides, wherein an 
increase or decrease of the activity of said one or more polypeptides of at least 10% relative to 
the activity of said one or more polypeptides in said cell, wherein the cell is not contacted with 
the candidate compound, identifies said candidate compound as a compound which regulates the 
activity of said one or more polypeptides 

10 The invention also provides a method for identifying a compound which regulates the 

activity, in an animal, of one or more of the polypeptides shown in Table 1, 2, 3, 4, or 5, or a 
polypeptide encoded by one or more polynucleotide sequence indicated in Table 1, 2, 3, 4, or 5 
comprising: administering a candidate compound to an animal comprising the one or more 
polypeptides; and measuring the activity of the one or more polypeptides wherein an increase or 

15 decrease of the activity of the polypeptide of at least 10% relative to the activity of the one or 
more polypeptides in an animal to which the candidate compound is not administered, identifies 
the candidate compound as a compound which regulates the activity of the one or more 
polypeptides. 

The invention also provides a method for identifying a compound which regulates the 
20 activity, in an animal, of one or more of the polypeptides shown in Table 1 0 and/or 1 1 , or a 
polypeptide encoded by one or more polynucleotide sequence indicated in Table 10 and/or 1 1 
comprising: administering a candidate compound to an animal comprising the one or more 
polypeptides; and measuring the activity of the one or more polypeptides wherein an increase or 
decrease of the activity of the polypeptide of at least 10% relative to the activity of the one or 
25 more polypeptides in an animal to which the candidate compound is not administered, identifies 
the candidate compound as a compound which regulates the activity of the one or more 
polypeptides. 

Preferably, the candidate compound is selected from the group consisting of small 
molecule, protein, RNAi, and antisense. 
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In one embodiment, the candidate compound is an antibody which binds to the 
polypeptide. 



The invention still further provides a method for identifying a small molecule which 
regulates the activity of one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or a 
5 polypeptide encoded by one or more polynucleotides indicated in Table 1, 2, 3, 4, or 5 
comprising: providing a cell comprising the one or more polypeptides; generating a small 
molecule library; providing a candidate small molecule, selected from the library; contacting the 
cell with the candidate small molecule; and measuring the activity of the one or more 
polypeptides, wherein an increase or decrease of the activity of the one or more polypeptides of 
10 at least 10% relative to the activity of the one or more polypeptides in the cell, wherein the cell is 
not contacted with the candidate small molecule, identifies the candidate small molecule as a 
small molecule which regulates the activity of the one or more polypeptides. 

The invention still further provides a method for identifying a small molecule which 
regulates the activity of one or more of the polypeptides indicated in Table 10 and/or 1 1, or a 

15 polypeptide encoded by one or more polynucleotides indicated in Table 10 and/or 1 1 

comprising: providing a cell comprising the one or more polypeptides; generating a small 
molecule library; providing a candidate small molecule, selected from the library; contacting the 
cell with the candidate small molecule; and measuring the activity of the one or more 
polypeptides, wherein an increase or decrease of the activity of the one or more polypeptides of 

20 at least 10% relative to the activity of the one or more polypeptides in the cell, wherein the cell is 
not contacted with the candidate small molecule, identifies the candidate small molecule as a 
small molecule which regulates the activity of the one or more polypeptides. 

Preferably, the small molecule library comprises components selected from the group 
consisting of heterocyclics, aromatics, alicyclics, aliphatics, steroids, antibiotics, enzyme 
25 inhibitors, ligands, hormones, alkaloids, opioids, terpenes, porphyrins, toxins, and catalysts, and 
combinations thereof. 

The invention also relates to a method for identifying a small molecule which regulates 
the activity of one or more of the polypeptides indicated in Table 2, comprising: (a) providing a 
cell comprising said one or more polypeptides encoded by a polynucleotide selected from the 
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group consisting of: (i) a polynucleotide comprising any of the polynucleotides specified in 
Table 1-2 in the columns designated "rat gene" and "human gene", and wherein at least one of 
said two or more isolated polynucleotides is unique to Table 2 in the columns designated "rat 
gene" and "human gene"; (ii) a polynucleotide encoding an amino acid sequence selected from 
5 the group consisting of: (1) amino acid sequences which are homologue to any of the amino acid 
specified in Table 2 in the columns designated "rat protein" and "human protein" by at least the 
homology as specified for the respective sequence in Table 2 in the column designated 
"%homology" and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; (2) the amino acid specified 

10 in Table 2 in the columns designated "rat protein" and "human protein"; (iii) a polynucleotide 
which hybridizes under high stringency conditions to a polynucleotide specified in (i) to (ii) and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; (iv) a polynucleotide the nucleic acid sequence 
or which deviates from the nucleic acid sequences specified in (i) to (iii) due to the degeneration 

15 of the genetic code and encodes a polypeptide exhibiting the biological function as specified for 
the respective sequence in Table 2 in the column designated "identifier"; (v) a polynucleotide 
which represents a fragment, derivative or allelic variation of a nucleic acid sequence specified 
in (i) to (iv) and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; (b) generating a small 

20 molecule library; (c) providing a candidate small molecule, selected from said library; (d) 

contacting said cell with said candidate small molecule; and (e) measuring the activity of said 
one or more polypeptides, wherein an increase or decrease of the activity of said one or more 
polypeptides of at least 10% relative to the activity of said one or more polypeptides in said cell, 
wherein the cell is not contacted with the candidate small molecule, identifies said candidate 

25 small molecule as a small molecule which regulates the activity of said one or more 
polypeptides. 

The invention also relates to a method for identifying a small molecule which regulates 
the activity of one or more of the polypeptides indicated in Table 10 and/or 11, comprising: (a) 
providing a cell comprising said one or more polypeptides encoded by a polynucleotide selected 
30 from the group consisting of: (i) a polynucleotide comprising any of the polynucleotides 

specified in Table 10 and/or 1 1 in the columns designated "rat gene" and "human gene"; (ii) a 
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polynucleotide encoding an amino acid sequence selected from the group consisting of: (1) 
amino acid sequences which are homologue to any of the amino acid specified in Table 10 
and/or 1 1 in the columns designated "rat protein" and "human protein" by at least the homology 
as specified for the respective sequence in Table 10 and/or 1 1 in the column designated 
5 "%homology" and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; (2) the amino 
acid specified in Table 10 and/or 1 1 in the columns designated "rat protein" and "human 
protein"; (iii) a polynucleotide which hybridizes under high stringency conditions to a 
polynucleotide specified in (i) to (ii) and encodes a polypeptide exhibiting the biological function 

10 as specified for the respective sequence in Table 10 and/or 1 1 in the column designated 

"identifier"; (iv) a polynucleotide the nucleic acid sequence or which deviates from the nucleic 
acid sequences specified in (i) to (iii) due to the degeneration of the genetic code and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 
10 and/or 1 1 in the column designated "identifier"; (v) a polynucleotide which represents a 

1 5 fragment, derivative or allelic variation of a nucleic acid sequence specified in (i) to (iv) and 

encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 10 and/or 1 1 in the column designated "identifier"; (b) generating a small molecule 
library; (c) providing a candidate small molecule, selected from said library; (d) contacting said 
cell with said candidate small molecule; and (e) measuring the activity of said one or more 

20 polypeptides, wherein an increase or decrease of the activity of said one or more polypeptides of 
at least 10% relative to the activity of said one or more polypeptides in said cell, wherein the cell 
is not contacted with the candidate small molecule, identifies said candidate small molecule as a 
small molecule which regulates the activity of said one or more polypeptides. 

The invention further relates to a method for identifying a compound useful in the 
25 treatment of pain, comprising: providing a host cell comprising a vector comprising one or more 
of the polynucleotides identified in Table 1, 2, 3, 4, or 5; maintaining the host cell under 
conditions which permit the expression of the one or more polynucleotides; selecting a 
compound which regulates the activity of a polypeptide encoded by the one or more 
polynucleotides; administering the compound to an animal subjected to pain; and measuring the 
30 level of pain in the animal, wherein a decrease in the level of pain in the animal of at least 10%, 
identifies the compound as being useful for treating pain. 
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The invention further relates to a method for identifying a compound useful in the 
treatment of pain, comprising: providing a host cell comprising a vector comprising one or more 
of the polynucleotides identified in Table 10 and/or 11; maintaining the host cell under 
conditions which permit the expression of the one or more polynucleotides; selecting a 
5 compound which regulates the activity of a polypeptide encoded by the one or more 

polynucleotides; administering the compound to an animal subjected to pain; and measuring the 
level of pain in the animal, wherein a decrease in the level of pain in the animal of at least 10%, 
identifies the compound as being useful for treating pain. 

In one embodiment, the step of selecting includes the steps of contacting the cell with a 
10 candidate compound; and measuring the activity of the polypeptide encoded by the one or more 
polynucleotides, wherein an increase or decrease of the activity of the polypeptide of at least 
10% relative to the activity of the polypeptide in the cell, wherein the cell is not contacted with 
the candidate compound, identifies the candidate compound as a compound which regulates the 
activity of the polypeptide. 

1 5 The invention further provides a method for identifying a compound useful in the 

treatment of pain, comprising: (a) providing a host cell comprising a vector comprising one or 
more of the polynucleotides selected from the group consisting of: (i) a polynucleotide 
comprising any of the polynucleotides specified in Table 1-2 in the columns designated "rat 
gene" and "human gene", and wherein at least one of said two or more isolated polynucleotides 

20 is unique to Table 2 in the columns designated "rat gene" and "human gene"; (ii) a 

polynucleotide encoding an amino acid sequence selected from the group consisting of: (1) 
amino acid sequences which are homologue to any of the amino acid specified in Table 2 in the 
columns designated "rat protein" and "human protein" by at least the homology as specified for 
the respective sequence in Table 2 in the column designated "%homology" and encodes a 

25 polypeptide exhibiting the biological function as specified for the respective sequence in Table 2 
in the column designated "identifier"; (2) the amino acid specified in Table 2 in the columns 
designated "rat protein" and "human protein"; (iii) a polynucleotide which hybridizes under high 
stringency conditions to a polynucleotide specified in (i) to (ii) and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 2 in the 

30 column designated "identifier"; (iv) a polynucleotide the nucleic acid sequence or which deviates 
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from the nucleic acid sequences specified in (i) to (iii) due to the degeneration of the genetic 
code and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (v) a polynucleotide which represents 
a fragment, derivative or allelic variation of a nucleic acid sequence specified in (i) to (iv) and 
5 encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; (b) maintaining said host cell under conditions 
which permit the expression of said one or more polynucleotides; (c) selecting a compound 
which regulates the activity of a polypeptide encoded by said one or more polynucleotides; (d) 
administering said compound to an animal subjected to pain; and (e) measuring the level of pain 
10 in said animal, wherein a decrease in the level of pain in said animal of at least 10%, identifies 
said compound as being useful for treating pain. 

The invention further provides a method for identifying a compound useful in the 
treatment of pain, comprising: (a) providing a host cell comprising a vector comprising one or 
more of the polynucleotides selected from the group consisting of: (i) a polynucleotide 

15 comprising any of the polynucleotides specified in Table 10 and/or 1 1 in the columns designated 
"rat gene" and "human gene"; (ii) a polynucleotide encoding an amino acid sequence selected 
from the group consisting of: (1) amino acid sequences which are homologue to any of the amino 
acid specified in Table 10 and/or 1 1 in the columns designated "rat protein" and "human protein" 
by at least the homology as specified for the respective sequence in Table 10 and/or 1 1 in the 

20 column designated "%homology" and encodes a polypeptide exhibiting the biological function 
as specified for the respective sequence in Table 10 and/or 1 1 in the column designated 
"identifier"; (2) the amino acid specified in Table 10 and/or 1 1 in the columns designated "rat 
protein" and "human protein"; (iii) a polynucleotide which hybridizes under high stringency 
conditions to a polynucleotide specified in (i) to (ii) and encodes a polypeptide exhibiting the 

25 biological function as specified for the respective sequence in Table 10 and/or 1 1 in the column 
designated "identifier"; (iv) a polynucleotide the nucleic acid sequence or which deviates from 
the nucleic acid sequences specified in (i) to (iii) due to the degeneration of the genetic code and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 10 and/or 1 1 in the column designated "identifier"; (v) a polynucleotide which 

30 represents a fragment, derivative or allelic variation of a nucleic acid sequence specified in (i) to 
(iv) and encodes a polypeptide exhibiting the biological function as specified for the respective 
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sequence in Table 10 and/or 11 in the column designated "identifier"; (b) maintaining said host 
cell under conditions which permit the expression of said one or more polynucleotides; (c) 
selecting a compound which regulates the activity of a polypeptide encoded by said one or more 
polynucleotides; (d) administering said compound to an animal subjected to pain; and (e) 
measuring the level of pain in said animal, wherein a decrease in the level of pain in said animal 
of at least 10%, identifies said compound as being useful for treating pain. 

In one embodiment, the step of selecting includes the steps of contacting said cell with a 
candidate compound; and measuring the activity of the polypeptide encoded by said one or more 
polynucleotides, wherein an increase or decrease of the activity of said polypeptide of at least 
10% relative to the activity of said polypeptide in said cell, wherein the cell is not contacted with 
the candidate compound, identifies said candidate compound as a compound which regulates the 
activity of said polypeptide. 

The invention also provides a method of treating pain in an animal comprising 
administering to the animal an antisense polynucleotide capable of inhibiting the expression of 
one or more of the polynucleotide sequences indicated in Table 1, 2, 3, 4, or 5. 

The invention further provides a method of treating pain in an animal comprising 
administering to the animal a double stranded RNA molecule wherein one of the strands of the 
double stranded RNA molecule is identical to a portion of an mRNA transcript obtained from 
one or more of the polynucleotide sequences indicated in Table 1, 2, 3, 4, or 5. 

The invention still further provides a method of treating pain in an animal in need thereof, 
comprising: administering to the animal a therapeutically effective amount of an agent which 
modulates the activity of one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or a 
polypeptide encoded by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5. 

The invention also provides a method of treating pain in an animal in need thereof, 
comprising: administering a therapeutically effective amount of an antibody which binds to one 
or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or a polypeptide encoded by one or 
more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5. 
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The invention still further provides a method of treating pain in an animal in need thereof, 
comprising: administering a therapeutically effective amount of one or more of the polypeptides 
indicated in Table 1, 2, 3, 4, or 5, or a polypeptide encoded by one or more of the 
polynucleotides indicated in Table 1, 2, 3, 4, or 5. 

5 The invention further relates to a method of detecting pain in an animal suspected of 

having pain comprising: measuring the amount of one or more of the polynucleotide sequences 
of Table 10 or 1 1 in an animal suspected of having pain, wherein if said amount of the one or 
more polynucleotides is increased or decreased by at least 1 .2 fold across at least three replicate 
screens and is statistically significant at P<0.05 in the animal compared to the amount of the 
10 same one or more polynucletoide sequences of Table 10 or 1 1 in an animal not suspected of 
having pain, then pain is detected in the animal suspected of having pain. 

In one embodiment, the amount of said one or more polynucleotide sequences is 
measured in one or more sensory neurons. 

In a further embodiment, the sensory neurons are selected from the group consisting of 
1 5 dorsal horn neurons and dorsal root ganglion neurons. 

In one embodiment the polynucleotide is measured in a "patient sample" wherein a 
"patient sample" as used herein refers to blood, plasma, serum, or cerebro-spinal fluid. 

In one embodiment, the polynucletoide is differentially expressed by 1.4 fold. 

The invention further relates to a method of detecting pain in an animal suspected of 
20 having pain comprising: measuring the amount of one or more of the polynucleotide sequences 
of Table 1, 2, 3, 4, or 5 in an animal suspected of having pain, wherein if said amount of the one 
or more polynucleotides is increased or decreased by at least 1.2 fold across at least three 
replicate screens and is statistically significant at P<0.05 in the animal compared to the amount 
of the same one or more polynucletoide sequences of Table 1, 2, 3, 4, or 5 in an animal not 
25 suspected of having pain, then pain is detected in the animal suspected of having pain. 

In one embodiment, the amount of said one or more polynucleotide sequences is 
measured in one or more sensory neurons. 
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In a further embodiment, the sensory neurons are selected from the group consisting of 
dorsal horn neurons and dorsal root ganglion neurons. 

In one embodiment the polynucleotide is measured in a "patient sample" wherein a 
"patient sample" as used herein refers to blood, plasma, serum, or cerebro-spinal fluid. 

5 In one embodiment, the polynucletoide is differentially expressed by 1 .4 fold. 

A method of detecting pain in an animal suspected of having pain comprising: measuring 
the amount of one or more of the polypeptide sequences of Table 10 or 1 1 in the animal 
suspected of having pain, wherein if the amount of said one or more polypeptides is increased or 
decreased by at least 1.2 fold across at least three replicate screens and is statistically significant 
10 at PO.05 in the animal compared to the amount of the same one or more polypeptide sequences 
of Table 10 or 1 1 in an animal not suspected of having pain, then pain is detected in the animal 
suspected of having pain. 

In one embodiment, the amount of said one or more polynucleotide sequences is 
measured in one or more sensory neurons. 

15 In a further embodiment, the sensory neurons are selected from the group consisting of 

dorsal horn neurons and dorsal root ganglion neurons. 

In one embodiment the polypeptide is measured in a "patient sample" wherein a "patient 
sample" as used herein refers to blood, plasma, serum, or cerebro-spinal fluid. 

In one embodiment, the polypeptide is differentially expressed by 1.4 fold. 

20 The invention still further provides a method of detecting pain in an animal suspected of 

having pain comprising: measuring the amount of one or more of the polypeptide sequences of 
Table 1, 2, 3, 4, or 5 in the animal suspected of having pain, wherein if the amount of said one or 
more polypeptides is increased or decreased by at least 1 .2 fold across at least three replicate 
screens and is statistically significant at P<0.05 in the animal compared to the amount of the 

25 same one or more polypeptide sequences of Table 1, 2, 3, 4, or 5 in an animal not suspected of 
having pain, then pain is detected in the animal suspected of having pain. 
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In one embodiment, the amount of said one or more polypeptide sequences is measured 
in one or more sensory neurons. 

In a further embodiment, the sensory neurons are selected from the group consisting of 
dorsal horn neurons and dorsal root ganglion neurons. 

In one embodiment the polypeptide is measured in a "patient sample" wherein a "patient 
sample" as used herein refers to blood, plasma, serum, or cerebro-spinal fluid. 

In one embodiment, the polypeptide is differentially expressed by 1 .4 fold. 

The invention also provides a pharmaceutical formulation comprising one or more 
polypeptides indicated in Table 1, 2, 3, 4, or 5, or a polypeptide encoded by one or more of the 
polynucleotides indicated in Table 1, 2, 3, 4, or 5, and a carrier. 

The invention also provides a pharmaceutical formulation comprising one or more 
antibodies which bind to one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or a 
polypeptide encoded by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5, 
and a carrier. 

The invention also provides a method of treating pain in an animal comprising 
administering to the animal an antisense polynucleotide capable of inhibiting the expression of 
one or more of the polynucleotide sequences indicated in Table 10 and/or 11. 

The invention further provides a method of treating pain in an animal comprising 
administering to the animal a double stranded RNA molecule wherein one of the strands of the 
double stranded RNA molecule is identical to a portion of an mRNA transcript obtained from 
one or more of the polynucleotide sequences indicated in Table 10 and/or 11. 

The invention still further provides a method of treating pain in an animal in need thereof, 
comprising: administering to the animal a therapeutically effective amount of an agent which 
modulates the activity of one or more of the polypeptides indicated in Table 10 and/or 1 1, or a 
polypeptide encoded by one or more of the polynucleotides indicated in Table 10 and/or 11. 
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The invention also provides a method of treating pain in an animal in need thereof, 
comprising: administering a therapeutically effective amount of an antibody which binds to one 
or more of the polypeptides indicated in Table 10 and/or 1 1, or a polypeptide encoded by one or 
more of the polynucleotides indicated in Table 10 and/or 11. 

The invention still further provides a method of treating pain in an animal in need thereof, 
comprising: administering a therapeutically effective amount of one or more of the polypeptides 
indicated in Table 10 and/or 1 1, or a polypeptide encoded by one or more of the polynucleotides 
indicated in Table 10 and/or 1 1 . 

The invention also provides a pharmaceutical formulation comprising one or more 
polypeptides indicated in Table 10 and/or 1 1, or a polypeptide encoded by one or more of the 
polynucleotides indicated in Table 10 and/or 11, and a carrier. 

The invention also provides a pharmaceutical formulation comprising one or more 
antibodies which bind to one or more of the polypeptides indicated in Table 10 and/or 1 1, or a 
polypeptide encoded by one or more of the polynucleotides indicated in Table 10 and/or 11, and 
a carrier. 

The invention further relates to the use of: (a) a polynucleotide selected from the group 
consisting of: (i) a polynucleotide comprising any of the polynucleotides specified in Table 1-2 
in the columns designated "rat gene" and "human gene", and wherein at least one of said two or 
more isolated polynucleotides is unique to Table 2 in the columns designated "rat gene" and 
20 "human gene"; (ii) a polynucleotide encoding an amino acid sequence selected from the group 
consisting of: (1) amino acid sequences which are homologue to any of the amino acid specified 
in Table 2 in the columns designated "rat protein" and "human protein" by at least the homology 
as specified for the respective sequence in Table 2 in the column designated "%homology" and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
25 in Table 2 in the column designated "identifier"; (2) the amino acid specified in Table 2 in the 
columns designated "rat protein" and "human protein"; (iii) a polynucleotide which hybridizes 
under high stringency conditions to a polynucleotide specified in (a) to (b) and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 2 
in the column designated "identifier"; (iv) a polynucleotide the nucleic acid sequence or which 
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deviates from the nucleic acid sequences specified in (a) to (c) due to the degeneration of the 
genetic code and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; (v) a polynucleotide which 
represents a fragment, derivative or allelic variation of a nucleic acid sequence specified in (a) to 
5 (d) and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (vi) a polypeptide encoded by any of 
the polynucleotides specified in (i) to (v); in the preparation of a medicament for the treatment of 
pain in an animal. 

The invention further relates to the use of: (a) a polynucleotide selected from the group 

10 consisting of: (i) a polynucleotide comprising any of the polynucleotides specified in Table 10 
and/or 1 1 in the columns designated "rat gene" and "human gene"; (ii) a polynucleotide encoding 
an amino acid sequence selected from the group consisting of: (1) amino acid sequences which 
are homologue to any of the amino acid specified in Table 10 and/or 1 1 in the columns 
designated "rat protein" and "human protein" by at least the homology as specified for the 

15 respective sequence in Table 10 and/or 1 1 in the column designated "%homology" and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 
10 and/or 1 1 in the column designated "identifier"; (2) the amino acid specified in Table 10 
and/or 1 1 in the columns designated "rat protein" and "human protein"; (iii) a polynucleotide 
which hybridizes under high stringency conditions to a polynucleotide specified in (a) to (b) and 

20 encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 10 and/or 1 1 in the column designated "identifier"; (iv) a polynucleotide the nucleic acid 
sequence or which deviates from the nucleic acid sequences specified in (a) to (c) due to the 
degeneration of the genetic code and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 

25 (v) a polynucleotide which represents a fragment, derivative or allelic variation of a nucleic acid 
sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
(vi) a polypeptide encoded by any of the polynucleotides specified in (i) to (v); in the preparation 
of a medicament for the treatment of pain in an animal. 
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The present invention still further relates to the use of a compound which can modulate 
the activity of a polypeptide which is encoded by a polynucleotide selected from the group 
consisting of: (a) a polynucleotide comprising any of the polynucleotides specified in Table 1-2 
in the columns designated "rat gene" and "human gene", and wherein at least one of said two or 
5 more isolated polynucleotides is unique to Table 2 in the columns designated "rat gene" and 
"human gene"; (b) a polynucleotide encoding an amino acid sequence selected from the group 
consisting of: (i) amino acid sequences which are homologue to any of the amino acid specified 
in Table 2 in the columns designated "rat protein" and "human protein" by at least the homology 
as specified for the respective sequence in Table 2 in the column designated "%homology" and 

10 encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; (ii) the amino acid specified in Table 2 in the 
columns designated "rat protein" and "human protein"; (c) a polynucleotide which hybridizes 
under high stringency conditions to a polynucleotide specified in (a) to (b) and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 2 

15 in the column designated "identifier"; (d) a polynucleotide the nucleic acid sequence or which 
deviates from the nucleic acid sequences specified in (a) to (c) due to the degeneration of the 
genetic code and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; (e) a polynucleotide which 
represents a fragment, derivative or allelic variation of a nucleic acid sequence specified in (a) to 

20 (d) and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in the column designated "identifier"; in the preparation of a medicament for 
the treatment of pain in an animal. 

The present invention provides a pharmaceutical formulation comprising one or more 
polypeptides encoded by a polynucleotide selected from the group consisting of: (a) a 

25 polynucleotide comprising any of the polynucleotides specified in Table 1-2 in the columns 
designated "rat gene" and "human gene", and wherein at least one of said two or more isolated 
polynucleotides is unique to Table 2 in the columns designated "rat gene" and "human gene"; (b) 
a polynucleotide encoding an amino acid sequence selected from the group consisting of: (i) 
amino acid sequences which are homologue to any of the amino acid specified in Table 2 in the 

30 columns designated "rat protein" and "human protein" by at least the homology as specified for 
the respective sequence in Table 2 in the column designated "%homology" and encodes a 
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polypeptide exhibiting the biological function as specified for the respective sequence in Table 2 
in the column designated "identifier"; (ii) the amino acid specified in Table 2 in the columns 
designated "rat protein" and "human protein"; (c) a polynucleotide which hybridizes under high 
stringency conditions to a polynucleotide specified in (a) to (b) and encodes a polypeptide 
5 exhibiting the biological function as specified for the respective sequence in Table 2 in the 

column designated "identifier"; (d) a polynucleotide the nucleic acid sequence or which deviates 
from the nucleic acid sequences specified in (a) to (c) due to the degeneration of the genetic code 
and encodes a polypeptide exhibiting the biological function as specified for the respective 
sequence in Table 2 in the column designated "identifier"; (e) a polynucleotide which represents 
10 a fragment, derivative or allelic variation of a nucleic acid sequence specified in (a) to (d) and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 2 in the column designated "identifier"; and a carrier. 

The invention still further provides a pharmaceutical formulation comprising one or more 
antibodies which bind to one or more of the polypeptides encoded by a polynucleotide selected 

15 from the group consisting of: (a) a polynucleotide comprising any of the polynucleotides 

specified in Table 1-2 in the columns designated "rat gene" and "human gene", and wherein at 
least one of said two or more isolated polynucleotides is unique to Table 2 in the columns 
designated "rat gene" and "human gene"; (b) a polynucleotide encoding an amino acid sequence 
selected from the group consisting of: (i) amino acid sequences which are homologue to any of 

20 the amino acid specified in Table 2 in the columns designated "rat protein" and "human protein" 
by at least the homology as specified for the respective sequence in Table 2 in the column 
designated "%homology" and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; (ii) the 
amino acid specified in Table 2 in the columns designated "rat protein" and "human protein"; (c) 

25 a polynucleotide which hybridizes under high stringency conditions to a polynucleotide specified 
in (a) to (b) and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 2 in the column designated "identifier"; (d) a polynucleotide the 
nucleic acid sequence or which deviates from the nucleic acid sequences specified in (a) to (c) 
due to the degeneration of the genetic code and encodes a polypeptide exhibiting the biological 

30 function as specified for the respective sequence in Table 2 in the column designated "identifier"; 
(e) a polynucleotide which represents a fragment, derivative or allelic variation of a nucleic acid 
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sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 2 in the column designated "identifier"; and a 
carrier. 



The present invention still further relates to the use of a compound which can modulate 
5 the activity of a polypeptide which is encoded by a polynucleotide selected from the group 
consisting of: (a) a polynucleotide comprising any of the polynucleotides specified in Table 10 
and/or 11 in the columns designated "rat gene" and "human gene"; (b) a polynucleotide encoding 
an amino acid sequence selected from the group consisting of: (i) amino acid sequences which 
are homologue to any of the amino acid specified in Table 10 and/or 1 1 in the columns 

10 designated "rat protein" and "human protein" by at least the homology as specified for the 

respective sequence in Table 10 and/or 11 in the column designated "%homology" and encodes a 
polypeptide exhibiting the biological function as specified for the respective sequence in Table 
10 and/or 1 1 in the column designated "identifier"; (ii) the amino acid specified in Table 10 
and/or 11 in the columns designated "rat protein" and "human protein"; (c) a polynucleotide 

15 which hybridizes under high stringency conditions to a polynucleotide specified in (a) to (b) and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 10 and/or 1 1 in the column designated "identifier"; (d) a polynucleotide the nucleic acid 
sequence or which deviates from the nucleic acid sequences specified in (a) to (c) due to the 
degeneration of the genetic code and encodes a polypeptide exhibiting the biological function as 

20 specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
(e) a polynucleotide which represents a fragment, derivative or allelic variation of a nucleic acid 
sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
in the preparation of a medicament for the treatment of pain in an animal. 

25 The present invention provides a pharmaceutical formulation comprising one or more 

polypeptides encoded by a polynucleotide selected from the group consisting of: (a) a 
polynucleotide comprising any of the polynucleotides specified in Table 10 and/or 1 1 in the 
columns designated "rat gene" and "human gene"; (b) a polynucleotide encoding an amino acid 
sequence selected from the group consisting of: (i) amino acid sequences which are homologue 

30 to any of the amino acid specified in Table 10 and/or 1 1 in the columns designated "rat protein" 
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and "human protein" by at least the homology as specified for the respective sequence in Table 
10 and/or 1 1 in the column designated "%homology" and encodes a polypeptide exhibiting the 
biological function as specified for the respective sequence in Table 10 and/or 1 1 in the column 
designated "identifier"; (ii) the amino acid specified in Table 10 and/or 1 1 in the columns 
5 designated "rat protein" and "human protein"; (c) a polynucleotide which hybridizes under high 
stringency conditions to a polynucleotide specified in (a) to (b) and encodes a polypeptide 
exhibiting the biological function as specified for the respective sequence in Table 10 and/or 1 1 
in the column designated "identifier"; (d) a polynucleotide the nucleic acid sequence or which 
deviates from the nucleic acid sequences specified in (a) to (c) due to the degeneration of the 

10 genetic code and encodes a polypeptide exhibiting the biological function as specified for the 
respective sequence in Table 10 and/or 11 in the column designated "identifier"; (e) a 
polynucleotide which represents a fragment, derivative or allelic variation of a nucleic acid 
sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 

15 and a carrier. 

The invention still further provides a pharmaceutical formulation comprising one or more 
antibodies which bind to one or more of the polypeptides encoded by a polynucleotide selected 
from the group consisting of: (a) a polynucleotide comprising any of the polynucleotides 
specified in Table 10 and/or 11 in the columns designated "rat gene" and "human gene"; (b) a 

20 polynucleotide encoding an amino acid sequence selected from the group consisting of: (i) amino 
acid sequences which are homologue to any of the amino acid specified in Table 10 and/or 1 1 in 
the columns designated "rat protein" and "human protein" by at least the homology as specified 
for the respective sequence in Table 10 and/or 1 1 in the column designated "%homology" and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 

25 in Table 10 and/or 1 1 in the column designated "identifier"; (ii) the amino acid specified in Table 
10 and/or 1 1 in the columns designated "rat protein" and "human protein"; (c) a polynucleotide 
which hybridizes under high stringency conditions to a polynucleotide specified in (a) to (b) and 
encodes a polypeptide exhibiting the biological function as specified for the respective sequence 
in Table 10 and/or 1 1 in the column designated "identifier"; (d) a polynucleotide the nucleic acid 

30 sequence or which deviates from the nucleic acid sequences specified in (a) to (c) due to the 

degeneration of the genetic code and encodes a polypeptide exhibiting the biological function as 
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specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
(e) a polynucleotide which represents a fragment, derivative or allelic variation of a nucleic acid 
sequence specified in (a) to (d) and encodes a polypeptide exhibiting the biological function as 
specified for the respective sequence in Table 10 and/or 1 1 in the column designated "identifier"; 
5 and a carrier. 

According to the invention, a sequence differentially expressed under pain conditions 
must be differentially expressed in the neurons of an animal subjected to nerve injury, or 
inflammatory pain, thus differential expression in an animal subjected to nerve injury pain is 
determined, according to the invention, in one or all of the following nerve injury pain models. 
10 A sequence which is differentially expressed according to the invention is a sequence which is 
differentially expressed in (1) an axotomy pain model, (2) a spared nerve injury pain model, (3) 
chronic constriction pain model, (4) spinal segmental nerve lesion pain model, or (5) an 
inflammation pain model, or may be differentially expressed in all five pain models, or in a 
combination of two or more models. 

1 5 As used herein differential expression of a sequence in nerve tissue is determined in 

either a "nerve injury pain model" or a "inflammation pain model", or both. There are four 
alternate nerve injury pain models by which differential expression can be determined according 
to the invention: axotomy, spared nerve injury (SNI), spinal segmental nerve lesion, and chronic 
constriction. 

20 As used herein, an "axotomy pain model" refers to a situation in which one or a plurality 

of peripheral nerve fibers is severed, either by traumatic injury or experimental or surgical 
manipulation. An "axotomy pain model" may further refer to an experimental model in which 
all of the axons of a given population of nerve cells are completely severed. For example, an 
"axotomy pain model" useful in the present invention may be a model in which all of the axons 

25 that comprise the sciatic nerve are surgically cut. All of the nerve cells in the dorsal root 
ganglion which gave rise to the axons of the sciatic nerve are thus said to be "axotomized". 

As used herein, a "spared nerve injury pain model" refers to a situation in which one of 
the terminal branches of the sciatic nerve is spared from axotomy (Decosterd and Woolf, 2000 
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Pain 87: 149). The SNI procedure comprises an axotomy and ligation of the tibial and common 
peroneal nerves leaving the sural nerve intact. 



As used herein, a "spinal segmental nerve lesion" and "chronic constriction" refer to two 
types of "neuropathic pain models" useful in the present invention. Both models are well known 
5 to those of skill in the art (See, for example Kim and Chung, 1992 Pain 50: 355; and Bennett, 
1993 Muscle Nerve 16: 1040 for a description of the "segmental nerve lesion" and "chronic 
constriction" respectively). A "segmental nerve lesion" and/or "chronic constriction" 
neuropathic pain model may be evaluated for the presence of "pain" using any of the behavioral, 
electrophysiological, and/or neurochemical criteria described below. 

10 As used herein, an "inflammatory pain model" refers to a situation in which an animal is 

subjected to pain, as defined herein, by the induction of peripheral tissue inflammation (Stein et 
al., (1988) Pharmacol Biochem Behav 31: 445-451; Woolf et al., (1994) NeuroscL 62, 327-331). 
The inflammation can be produced by injection of an irritant such as complete Freunds adjuvant 
(CFA), carrageenan, turpentine, croton oil, and the like into the skin, subcutaneously, into a 

15 muscle, into a joint, or into a visceral organ. In addition, an "inflammatory pain model" can be 
produced by the administration of cytokines or inflammatory mediators such as 
lippopolysoccharide (LPS), or nerve growth factor (NGF) which can mimic the effects of 
inflammation. An "inflammatory pain model" can be evaluated for the presence of "pain" using 
behavioral, electrophysiological, and/or neurochemical criteria as described below. 

20 A polynucleotide is thus differentially expressed herein if it is differentially expressed in 

any or all of the axotomy, SNI, chronic constriction, segmental nerve lesion and inflammatory 
pain models. 

As used herein, "nerve tissue" refers to animal tissue comprising nerve cells, the neuropil, 
glia, neural inflammatory cells, and endothelial cells in contact with "nerve tissue". "Nerve 
25 cells" may be any type of nerve cell known to those of skill in the art including, but not limited 
to motor neurons, sensory neurons, enteric neurons, sympathetic neurons, parasympathetic 
neurons, association neurons, and central nervous system neurons. "Glial cells" useful in the 
present invention include, but are not limited to astrocytes, Schwan cells, and oligodendrocytes. 
"Neural inflammatory cells" useful in the present invention include, but are not limited to 
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microglia. Preferably, "nerve tissue" as used herein refers to nerve cells obtained from the dorsal 
root ganglion, or dorsal horn of the spinal cord. 

As used herein, "sensory neuron" refers to any sensory neuron in an animal. A "sensory 
neuron" can be a peripheral sensory neuron, central sensory neuron, or enteric sensory neuron. 
5 A "sensory neuron" includes all parts of a neuron including, but not limited to the cell body, 
axon, and dendrite(s). A "sensory neuron" refers to a neuron which receives and transmits 
information (encoded by a combination of action potentials, neurotransmitters and 
neuropeptides) relating to sensory input, including, but not limited to pain, heat, touch, cold, 
pressure, vibration, etc. Examples of "sensory neurons" include, but are not limited to dorsal 
10 root ganglion neurons, dorsal horn neurons of the spinal cord, autonomic neurons, trigeminal 
ganglion neurons, and the like. 

As used herein, "animal" refers to a organism classified within the phylogenetic kingdom 
Animalia. As used herein, an "animal" also refers to a mammal. Animals, useful in the present 
invention, include, but are not limited to mammals, marsupials, mice, dogs, cats, cows, humans, 
15 deer, horses, sheep, livestock, and the like. 

As used herein, "subjected" refers to a state of being in which an animal is experiencing 
pain, wherein whether or not the animal is experiencing pain is determined using the behavioral, 
electrophysiological, and/or neurochemical criteria described above. As used herein, "subjected" 
does not refer to the past experience of pain only, but can also include the present experience of 
20 pain. 

As used herein, "polynucleotide" refers to a polymeric form of nucleotides of 2 up to 
1,000 bases in length, or even more, either ribonucleotides or deoxyribonucleotides or a modified 
form of either type of nucleotide. The term includes single and double stranded forms of DNA. 
The term is synonymous with "oligonucleotide". Polynucleotides of the invention include those 
25 indicated by accession number in Tables 1, 2, 3, 4, or 5, or a portion thereof. 

As used herein, "polypeptide" refers to any kind of polypeptide such as peptides, human 
proteins, fragments of human proteins, proteins or fragments of proteins from non-human 
sources, engineered versions proteins or fragments of proteins, enzymes, antigens, drugs, 
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molecules involved in cell signaling, such as receptor molecules, antibodies, including 
polypeptides of the immunoglobulin superfamily, such as antibody polypeptides or T-cell 
receptor polypeptides. Preferably, a "polypeptide" useful according to the invention is indicated 
by accession number in Tables 1, 2, 3, 4, or 5. Also included, are a fragment, domain, or epitope 
of one or more of the polypeptides indicated in Tables 2, 3, 4, or 5 provided that the fragment, 
domain, or epitope maintains the same function as the protein indicated in Table 2, 3, 4, or 5, 
wherein the function of the polypeptide is known to those of skill in the art. Also included, are a 
fragment, domain, or epitope of one or more of the polypeptides indicated in Tables 2 or 3 
provided that the fragment, domain, or epitope maintains the same function as the protein 
indicated in Table 2 or 3, under the column heading "identifier", "description" or "protein type" 

As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a circular double stranded nucleic acid loop into which additional nucleic acid 
segments can be ligated. Another type of vector is a "viral vector", wherein additional nucleic 
15 acid segments can be ligated into the viral genome. Certain vectors are capable of autonomous 
replication in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial 
origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal 
mammalian vectors) are integrated into the genome of a host cell upon introduction into the host 
cell, and thereby are replicated along with the host genome. Moreover, certain vectors are 
20 capable of directing the expression of genes to which they are operatively linked. Such vectors 
are referred to herein as "expression vectors". In general, expression vectors of utility in 
recombinant nucleic acid techniques are often in the form of plasmids. In the present 
specification, "plasmid" and "vector" can be used interchangeably as the plasmid is the most 
commonly used form of vector. However, the invention is intended to include such other forms 
25 of expression vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses 
and adeno-associated viruses), which serve equivalent functions. 

As used herein, the term "hybridizing 11 or "hybridization" refers to the hydrogen binding 
with a complementary nucleic acid, via an interaction between for example, a target nucleic acid 
sequence and a nucleic acid member in an array. 
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Typically, selective hybridization occurs when two nucleic acid sequences are 
substantially complementary (at least about 65% complementary over a stretch of at least 14 to 
25 nucleotides, preferably at least about 75%, more preferably at least about 90% 
complementary). See Kanehisa, M., 1984, Nucleic Acids Res. 12: 203, incorporated herein by 
5 reference. As a result, it is expected that a certain degree of mismatch is tolerated. Such 
mismatch may be small, such as a mono-, di- or tri-nucleotide. Alternatively, a region of 
mismatch may encompass loops, which are defined as regions in which there exists a mismatch 
in an uninterrupted series of four or more nucleotides. 

Numerous factors influence the efficiency and selectivity of hybridization of two nucleic 
10 acids, for example a nucleic acid member to a target nucleic acid sequence. These factors 
include nucleic acid member length, nucleotide sequence and/or composition, hybridization 
temperature, buffer composition and potential for steric hindrance in the region to which the 
nucleic acid member is required to hybridize. 

A positive correlation exists between the nucleic acid member length and both the 
efficiency and accuracy with which a nucleic acid member will anneal to a target sequence. In 
particular, longer sequences have a higher melting temperature (T M ) than do shorter ones, and 
are less likely to be repeated within a given target sequence, thereby minimizing promiscuous 
hybridization. Hybridization temperature varies inversely with nucleic acid member annealing 
efficiency, as does the concentration of organic solvents, e.g., formamide, that might be included 
in a hybridization mixture, while increases in salt concentration facilitate binding. Under 
stringent annealing conditions, longer nucleic acids, hybridize more efficiently than do shorter 
ones, which are sufficient under more permissive conditions. As herein used, the term "standard 
stringent conditions" means hybridization will occur only if there is at least 95% and preferably 
at least 97% identity between the sequences, wherein the region of identity comprises at least 10 
nucleotides. In one embodiment, the sequences hybridize under stringent conditions following 
incubation of the sequences overnight at 42°C, followed by stringent washes (0.2X SSC at 65° 
C). As several factors affect the stringency of hybridization, the combination of parameters is 
more important than the absolute measure of a single factor. 



43 



As defined herein, an "array" refers a plurality of unique nucleic acids attached to one 
surface of a solid support at a density exceeding 20 different nucleic acids/cm 2 wherein each of 
the nucleic acids is attached to the surface of the solid support in a non-identical preselected 
region. In one embodiment, the nucleic acid attached to the surface of the solid support is DNA. 
In a preferred embodiment, the nucleic acid attached to the surface of the solid support is cDNA. 
In another preferred embodiment, the nucleic acid attached to the surface of the solid support is 
cDNA synthesized by polymerase chain reaction (PCR). Preferably, a nucleic acid comprising 
an array, according to the invention, is at least 20 nucleotides in length. Preferably, a nucleic 
acid comprising an array is less than 6,000 nucleotides in length. More preferably, a nucleic acid 
comprising an array is less than 500 nucleotides in length. In one embodiment, the array 
comprises at least 500 different nucleic acids attached to one surface of the solid support. In 
another embodiment, the array comprises at least 10 different nucleic acids attached to one 
surface of the solid support. In yet another embodiment, the array comprises at least 10,000 
different nucleic acids attached to one surface of the solid support. The term "nucleic acid", as 
used herein, is interchangeable with the term "polynucleotide". 

As used herein, "plurality" refers to more than two. Plurality, according to the invention, 
can be 3 or more, 100 or more, or 1000 or more. 

As used herein, "attaching" or "spotting" refers to a process of depositing a nucleic acid 
onto a solid substrate to form a nucleic acid array such that the nucleic acid is irreversibly bound 
20 to the solid substrate via covalent bonds, hydrogen bonds or ionic interactions. 

As used herein, "stably associated" refers to a nucleic acid that is irreversibly bound to a 
solid substrate to form an array via covalent bonds, hydrogen bonds or ionic interactions such 
that the nucleic acid retains its unique preselected position relative to all other nucleic acids that 
are stably associated with an array, or to all other preselected regions on the solid substrate under 
25 conditions wherein an array is analyzed (i.e., hybridization and scanning). 

As used herein, "solid substrate" or "solid support" refers to a material having a rigid or 
semi-rigid surface. The terms "substrate" and "support" are used interchangeable herein with the 
terms "solid substrate" and "solid support". The solid support may be biological, non-biological, 
organic, inorganic, or a combination of any of these, existing as particles, strands, precipitates, 
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gels, sheets, tubing, spheres, containers, capillaries, pads, slices, films, plates, slides, etc. Often, 
the substrate is a silicon or glass surface, (poly)tetrafluoroethylene, (poly)vinylidendifluoride, 
polystyrene, polycarbonate, a charged membrane, such as nylon 66 or nitrocellulose, or 
combinations thereof. In a preferred embodiment, the solid support is glass. Preferably, at least 
5 one surface of the substrate will be substantially flat. Preferably, the surface of the solid support 
will contain reactive groups, including, but not limited to, carboxyl, amino, hydroxyl, thiol, or 
the like. In one embodiment, the surface is optically transparent. 

As used herein, "preselected region", "predefined region", or "unique position" refers to 
a localized area on a substrate which is, was, or is intended to be used for the deposit of a nucleic 
10 acid and is otherwise referred to herein in the alternative as a "selected region" or simply a 
"region." The preselected region may have any convenient shape, e.g., circular, rectangular, 
elliptical, wedge-shaped, etc. In some embodiments, a preselected region is smaller than about 1 
cm 2 , more preferably less than 1 mm 2 , still more preferably less than 0.5 mm 2 , and in some 
embodiments about 0.125 to 0.5 mm 2 . 

15 As used herein, "unique to Table X", where "X" is one or more of 2, 3, 4, or 5, refers to a 

polynucleotide or polypeptide sequence which is indicated in Table X, but is not indicated in 
Table 1. 

As used herein, the term "level of expression" refers to the measurable expression level 
of a given nucleic acid. The level of expression of a nucleic acid is determined by methods well 

20 known in the art. The term "differentially expressed" or "differential expression" refers to an 
increase or decrease in the measurable expression level of a given nucleic acid. As used herein, 
"differentially expressed" or "differential expression" means the difference in the level of 
expression of a nucleic acid is at least 1 .4-fold or more in two samples used for comparison, both 
of which are compared to the same normal standard sample. "Differentially expressed" or 

25 "differential expression" according to the invention also means a 1 .4-fold, or more, up to and 

including 2-fold, 5-fold, 10-fold, 20-fold, 50-fold or more difference in the level of expression of 
a nucleic acid in two samples used for comparison. A nucleic acid is also said to be 
"differentially expressed" in two samples if one of the two samples contains no detectable 
expression of a given nucleic acid, provided that the detectably expressed nucleic acid is 
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expressed at +/- at least 1.4 fold. Differential expression of a nucleic acid sequence is 
"inhibited" the difference in the level of expression of the nucleic acid in two or more samples 
used for comparison is altered such that it is no longer at least a 1.4 fold difference. Absolute 
quantification of the level of expression of a nucleic acid may be accomplished by including a 
5 known concentration(s) of one or more control nucleic acid species, generating a standard curve 
based on the amount of the control nucleic acid and extrapolating the expression level of the 
"unknown" nucleic acid species from the hybridization intensities of the unknown with respect 
to the standard curve. 

Alternatively, "differential expression", according to the invention, refers to a 1.2 fold 
increase or decrease in the level of expression of a nucleic acid in an animal subjected to pain 
compared to the level of expression in an animal not subjected to the same pain, combined with a 
statistical significance of p<0.05 in at least three replicate assays of gene expression. Calculation 
of a statistically significant 1 .2 fold threshold in the increase or decrease in the difference of 
expression of a nucleic acid, when compared to a normal standard sample is based on a statistical 
analysis of triplicate array data points using, for example, a student's t-test. "Differential 
expression" of a polynucleotide sequence, as used herein, is established if the expression of a 
sequence measured in several types of animal pain model, such as nerve injury models or an 
inflammation model, is increased or decreased by at least 1.2 fold in at least one of the pain 
models, and if the differential expression is found to be significant across three replicate analyses 
of differential expression in an animal pain model. Alternatively, a differentially expressed 
polynucleotide may be differentially expressed in several (e.g., two or more) animal pain models. 

The "level of expression" is measured by hybridization analysis using labeled target 
nucleic acids according to methods well known in the art (see, for example, Ausubel et al., Short 
Protocols in Molecular Biology , 3 rd Ed. 1995, John Wiley and Sons, Inc.). The label on the 
25 target nucleic acid is a luminescent label, an enzymatic label, a radioactive label, a chemical 
label or a physical label. Preferably, the target nucleic acids are labeled with a fluorescent 
molecule. Preferred fluorescent labels include fluorescein, amino coumarin acetic acid, 
tetramethylrhodamine isothiocyanate (TRITC), Texas Red, Cy3 and Cy5. 
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As used herein, "differential expression" when measured using microarray hybridization 
as described herein, can be determined using one or more of three alternate measurements: (1) 
The hybridization intensity can be measured by comparing the level of hybridization of nucleic 
acid samples obtained from a naive animal to the level of hybridization of nucleic acid samples 
5 from an animal subjected to any of the pain models described herein. This measurement is 

termed the "intensity ratio". (2) Alternatively, a method of measuring "differential expression" is 
to utilize the "Affymetrix ratio" which is obtained by analyzing the hybridization levels obtained 
from nucleic acid samples obtained from a naive animal and those obtained from nucleic acid 
samples obtained from an animal subjected to any of the pain models described herein, using the 

10 software provided with the Affymetrix Microarray software suite (Affymetrix, Santa Clara, CA). 
The Affymetrix ratio can be determined by following the protocols included with the Affymetrix 
brand software and microarray analysis equipment. Whether measured using the intensity ratio 
or the Affymetrix ratio, a nucleic acid molecule of the present invention is differentially 
expressed if it demonstrates at least a 1.4 fold change in expression levels in an animal subjected 

15 to the neuropathic or inflammation pain as described herein relative to an animal not subjected to 
the same pain. (3) Preferably, "differential expression" is measured in either a nerve injury 
model, or inflammation pain model, or both, at multiple time points after an animal has been 
subjected to pain. "Differential expression" is further measured in at least three replicate 
samples for each time point, and for multiple pain models (e.g. nerve injury models, an 

20 inflammation models), such that a statistical evaluation may be made of the significance of the 
differential expression. Accordingly, a polynucleotide sequence is "differentially expressed" if it 
is differentially expressed by at least 1.4 fold, and/or is differentially expressed by at least 1.2 
fold, with a p-value of less than 0.05 across at least two sets of triplicate assays in any of the pain 
models versus the corresponding control. The fold differential expression, when paired with the 

25 statistical analysis of at least two replicate expression assays, can be measured using either of the 
"intensity ratio" or "affymetrix ratio" described above. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the data from a representative Northern analysis performed on target 
nucleic acid obtained from dorsal root ganglion neurons from a rat axotomy pain model. 
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Figure 2 shows the in situ hybridization of dorsal root ganglion tissue sections with 
labeled oligonucleotide probes specific for SNAP, c-jun, or TrkA. 

Figure 3 shows the in situ hybridization of dorsal root ganglion tissue sections with 
labeled oligonucleotide probes specific for GTPcylco, IES-JE, CCHL2A, or VGF. 

5 DETAILED DESCRIPTION 

The present invention is based, in part, on the discovery that the polynucleotides listed in 
Tables 1, 2, 3, 4, or 5 are differentially expressed by at least +/- 1.4 fold in nerve injury and/or 
inflammation animal pain models. While the polynucleotides listed in Table 1 have been 
previously suggested to be regulated in pain models, the present invention is distinguished over 

10 the prior art in that only polynucleotides which demonstrate at least a +/-1.4 fold change in 
expression in a neuropathic and/or inflammation animal pain model are considered to be 
differentially expressed according to the invention. The invention further provides the 
polynucleotides listed in Tables 2, 3, 4, or 5 which are differentially expressed by at least +/- 1.4 
fold in a nerve injury or inflammation animal pain model, but which have not previously been 

15 suggested to be regulated in animal pain models (i.e., which are not indicate in Table 1). In 

addition, the invention provides the polynucleotides listed in Table 2 which have been identified 
herein as being differentially expressed by at least +/- 1.2 fold at least two sets of triplicate 
assays in multiple nerve injury and inflammation pain models, with a p-value of less than 0.05. 
The invention further provides methods for identifying nucleic acid sequences which are 

20 differentially regulated in animals that have been subjected to pain, wherein differential 

expression is defined as an increase or decrease of the expression of the nucleic acid sequence by 
at least 1.2 fold compared to the same sequence in an animal which has not been subjected to 
pain, in triplicate assays with a statistical significance of p<0.05. The invention further provides 
methods for identifying nucleic acid sequences which are differentially regulated in animals that 

25 have been subjected to pain, wherein differential expression is defined as an increase or decrease 
of the expression of the nucleic acid sequence by at least 1.4 fold compared to the same sequence 
in an animal which has not been subjected to pain. The invention further provides methods of 
constructing arrays comprising isolated nucleic acid sequences which are differentially regulated 
in pain, and methods of screening for potential therapeutic compounds which may alter the 
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expression of these sequences using the arrays. The invention also relates to methods for 
screening for candidate compounds which are capable of regulating the expression of one or 
more of the polynucleotide sequences of Tables 1, 2, 3, 4, or 5, or which are capable of 
regulating the activity of one or more of the polypeptides indicated in Table 1, 2, 3, 4, or 5, or a 
polypeptide encoded by one or more of the polynucleotides indicated in Table 1, 2, 3, 4, or 5, or 
which are capable of modulating pain in an animal. 

In addition, the invention is based on the discovery that a subset of genes described in 
Tables 1-5 are differentially expressed in two or more neuropathic pain models. This subset of 
genes is shown in Table 10. The invention also relates to a yet smaller subset of genes than that 
of Table 10, which, based on their known or putative function in biological systems are likely to 
modulate or transduce pain by changing the properties, excitability, structure and/or connectivity 
of neurons in sensory pain circuits. 

As described above, animals which have been subjected to pain include animal models of 
pain, in which the animal has been artificially manipulated to mimic one or more types of pain, 
including physiological, inflammatory, or neuropathic pain. Animals subjected to pain also 
include animals which have experienced pain as the result of a traumatic injury, or animals 
which have experienced physiological, inflammatory, or neuropathic pain not induced in the 
setting of an animal model. 

Pain 

The present invention relates to polynucleotides which are differentially expressed in (a) 
an animal that is subjected to pain relative to (b) an animal not subjected to pain. According to 
the invention, the pain to which the animals of (a) and (b) are subjected is the same pain, that is, 
if a polynucleotide is differentially expressed in an axotomy pain model then the differential 
expression is relative to the expression of the polynucleotide in an animal which is not an 
axotomy pain model. 

As used herein, "pain" refers to a state-dependent sensory experience generated by the 
activation of peripheral sensory neurons, the nociceptors. As used herein, "pain" refers to 
several different types of pain, including physiological or protective pain, inflammatory pain that 
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occurs after tissue damage, and neuropathic pain which occurs after damage to the nervous 
system. Physiological pain is initiated by sensory nociceptor fibers innervating the peripheral 
tissues and activated only by noxious stimuli, and is characterized by a high threshold to 
mechanical and thermal stimuli and rapid, transient responses to such stimuli. Inflammatory and 
5 neuropathic pain are characterized by displays of behavior indicating either spontaneous pain, 
measured by spontaneous flexion, vocalization, biting, or even self mutilation, or abnormal 
hypersensitivity to normally innocuous stimuli or to noxious stimuli, such as mechanical or 
thermal stimuli. Regardless of the type of pain, as used herein "pain" can be measured using 
behavioral criteria, such as thermal and mechanical sensitivity, weight bearing, visceral 

10 hypersensitivity, or spontaneous locomotor activity, electrophysiological criteria, such as in vivo 
or in vitro recordings from primary sensory neurons and central neurons to assess changes in 
receptive field properties, excitability or synaptic input, or neurochemical criteria, such as 
changes in the expression or distribution of neurotransmitters, neuropeptides and proteins in 
primary sensory and central neurons, activation of signal transduction cascades, expression of 

1 5 transcription factors, or phosphorylation of proteins. 

Behavioral criteria used to measure "pain" include, but are not limited to mechanical 
allodynia and hyperalgesia, and temperature allodynia and hyperalgesia. Mechanical allodynia is 
generally measured using a series of ascending force von Frey monofilaments. The filaments are 
each assigned a force which must be applied longitudinally across the filament to produce a 

20 bend, or bow in the filament. Thus the applied force which causes an animal to withdraw a limb 
can be measured (Tal and Bennett, 1994 Pain 57: 375). An animal can be said to be 
experiencing "pain" if the animal demonstrates a withdrawal reflex in response to a force that is 
reduced by at least 30% compared to the force that elicits a withdrawal reflex in an animal which 
is not in "pain". In one embodiment, an animal is said to be experiencing "pain" if the 

25 withdrawal reflex in response to a force that is reduced 40%, 50%, 60%, 70%, 80%, 90% and as 
much as 99% compared to the force required to elicit a similar reflex in a naive animal. 

Mechanical hypersensitivity can be measured by applying a sharp object, such as a pin, to 
the skin of an animal with a force sufficient to indent, but not penetrate the skin. The duration of 
withdrawal from the sharp stimulus may then be measured, wherein an increase in the duration 
30 of withdrawal is indicative of "pain" (Decostard et al., 1998 Pain 76: 159). For example, an 
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animal can be said to be experiencing "pain" if the withdrawal duration following a sharp 
stimulus is increased by at least 2 fold compared with an animal that is not experiencing "pain". 
In one embodiment, an animal is said to be experiencing "pain" if the withdrawal duration is 
increased by 3, 4, 5, 6, 7, 8, 9, and up to 10 fold compared to an animal not experiencing "pain". 

5 Temperature allodynia can be measured by placing a drop of acetone onto the skin 

surface of an animal using an instrument such as a blunt needle attached to a syringe without 
touching the skin with the needle. The rapid evaporation of the acetone cools the skin to which it 
is applied. The duration of the withdrawal response to the cold sensation can then be measured 
(Choi et al., 1994 Pain 59: 369). An animal can be said to be in "pain" if the withdrawal 
10 duration following acetone application is increased by at least 2 fold as compared to an animal 
that is not experiencing "pain". According to the invention an animal can be said to be in "pain" 
if the withdrawal duration following thermal stimulation is increased by 4, 6, 8, 10, 12, 14, 16, 
18, and up to 20 fold compared to an animal not experiencing "pain". 

Temperature hyperalgesia can be measured by exposing a portion of the skin surface of 
1 5 an animal, such as the plantar surface of the foot, to a beam of radiant heat through a transparent 
perspex surface (Hargreaves et al., 1988 Pain 32:77). The duration of withdrawal from the heat 
stimulus may be measured, wherein an increase in the duration of withdrawal is indicative of 
"pain". An animal can be said to be experiencing "pain" if the duration of the withdrawal from 
the heat stimulus increases by at least 2 fold compared with an animal that is not experiencing 
20 "pain". In addition, an animal can be said to be experiencing "pain" if the duration of the 

withdrawal from heat stimulus is increased by 3, 4, 5, 6, 7, 8, 9, and up to 10 fold compared with 
an animal that is not experiencing "pain". 

In addition to the behavioral criteria described above, an animal can be deemed to be 
experiencing "pain" by measuring electrophysiological changes, in vitro or in vivo, in primary 
25 sensory, or central sensory neurons. Electrophysiological changes can include increased 

neuronal excitability, changes in receptive field input, or increased synaptic input. The technique 
of measuring cellular physiology is well known to those of skill in the art (see, for example, 
Hille, 1992 Ion channels of excitable membranes . Sinauer Associates, Inc., Sunderland, MA). 
An increase in neuronal excitability may be identified, for example, by measuring an increase in 
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the number of action potentials per unit time in a given neuron. An animal is said to be 
experiencing "pain" if there is at least a 2 fold increase in the action potential firing rate 
compared with an animal that is not experiencing "pain." In addition, and animal can be said to 
be experiencing "pain" if the action potential firing rate is increased by , 3, 4, 5, 6, 7, 8, and up to 
5 10 fold compared to an animal that is not experiencing "pain". An increase in synaptic input to a 
sensory neuron, either peripheral or central, may be identified, for example, by measuring the 
rate of end-plate excitatory potentials (EPSPs) recorded in from the neuron. An animal is said to 
be experiencing "pain" if there is at least a 2 fold, 3, 4, 5, 6, 7, 8, and up to 10 fold increase in the 
rate of EPSPs recorded from a given neuron compared to an animal that is not experiencing pain. 

1 0 Alternatively, neurochemical criteria may be used to determine whether or not an animal 

is experiencing "pain". For example, an animal which has experienced "pain" will display 
changes in the expression or distribution of neurotransmitters, neuropeptides and protein in 
primary sensory and central neurons, activation of signal transduction cascades, expression of 
transcription factors, or phosphorylation of proteins. Gene and protein expression, and 

15 phosphorylation of proteins such as transcription factors may be measured using a number of 
techniques known to those of skill in the art including but not limited to PCR, Southern analysis, 
Northern analysis, Western analysis, immunohistochemistry, and the like. Examples of signal 
transduction pathway constituents which may be activated in an animal which is experiencing 
pain include, but are not limited to ERK, p38, and CREB. Examples of genes which may exhibit 

20 enhanced expression include immediate early genes such as c-fos y protein kinases such as PKC 
and PKA. Examples of other proteins which may be phosphorylated in an animal experiencing 
pain include receptors and ion channels such as the NMDA or AMPA receptors. Regardless of 
whether the measure is of transcription, translation or phosphorylation an animal can be said to 
be experiencing "pain" if one measures at least a 2 fold increase or decrease in any of these 

25 parameters compared to an animal not experiencing pain. An animal can be further said to be 
experiencing "pain" if there is a 3, 4, 5, 6, 7, 8, and up to 10 fold increase in the measurement of 
any of the above parameters compared to an animal not experiencing "pain". 

As used herein, "pain" refers to any of the behavioral, electrophysiological, or 
neurochemical criteria described above. In addition, "pain" can be assessed using combinations 
30 of these criteria. 
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As used herein, "pain" can refer to "pain" experienced by an animal as a result of 
accidental trauma (e.g., falling trauma, burn trauma, toxic trauma, etc.), congenital deformity or 
malformation, infection (e.g., inflammatory pain), or other conditions which are not within the 
control of the animal experiencing the "pain". Alternatively, "pain" may be inflicted onto an 
5 animal by subjecting the animal to one or more "pain models". 

The present invention comprises polynucleotide sequences that are differentially 
expressed in nerve injury pain models, including axotomy, SNI, chronic constriction, and 
segmental nerve lesion, as well as inflammation pain models. It is also within the scope of the 
present invention that the polynucleotides described herein as being differentially expressed in 
10 nerve injury, or neuropathic pain models may be also differentially expressed in other pain 
models known to those of skill in the art. 

As used herein, a "pain model" refers to any manipulation of an animal during which the 
animal experiences "pain", as defined above. "Pain models" can be classified as those that test 
the sensitivity of normal animals to intense or noxious stimuli. These tests include responses to 

15 thermal, mechanical, or chemical stimuli. Thermal stimuli is usually hot (42 to 55°C) and 
includes radiant heat to the tail (the tail flick test) radiant heat to the plantar surface of the 
hindpaw (the Hargreaves test, supra), the hotplate test, and immersion of the hindpaw or tail in 
hot water. Alternatively, thermal stimuli can be cold stimulus (30° to -10° C), such as immersion 
in cold water, acetone evaporation or cold plate tests which may be used to test cold pain 

20 responsiveness using the thresholds discussed above. The end points are latency to response and 
the duration of the response as well as vocalization and licking the paw, as described above. 
Mechanical Stimuli typically involves measurements of the threshold for eliciting a withdrawal 
reflex of the hindpaw to graded strength monofilament von Frey hairs wherein one can measure 
the force of the filament required to elicit a reflex. Alternatively, mechanical stimuli can be a 

25 sustained pressure stimulus to a paw (e.g., the Ugo Basila analgesiometer). The duration of 
response to a standard pin prick can also be measured. Threshold values for identifying a 
stimulus that causes "pain" to the animal are described above. Chemical Stimuli typically 
involves the application or injection of a chemical irritant to the skin, muscle joints or internal 
organs like the bladder or peritoneum. Irritants can include capsaicin, mustard oil, bradykinin, 
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ATP, formalin, or acetic acid. The outcome measures include vocalization, licking the paw, 
writhing or spontaneous flexion. 

Alternatively, a "pain model" can be a test that measures changes in the excitability of the 
peripheral or central components of the pain neural pathway pain sensitization, termed 
5 "peripheral sensitization" and "central sensitization". "Peripheral Sensitization" involves 

changes in the threshold and responsiveness of high threshold nociceptors which can be induced 
by: repeated heat stimuli, or application or injection of sensitizing chemicals (e.g. prostaglandins, 
bradykinin, histamine, serotonin, capsaicin, mustard oil). The outcome measures are thermal and 
mechanical sensitivity in the area of application/stimulation using the techniques described 

10 above in behaving animals or electrophysiological measurements of single sensory fiber 
receptive field properties either in vivo or using isolated skin nerve preparations. "Central 
sensitization" involves changes in the excitability of neurons in the central nervous system 
induced by activity in peripheral pain fibers. "Central sensitization" can be induced by noxious 
stimuli (e.g., heat) chemical irritants (e.g., injection/application of capsaicin/mustard oil or 

15 formalin or electrical activation of sensory fibers). The outcome measures are: behavioral, 
electrophysiological, and neurochemical. 

Alternatively, a "pain model" can refer to those tests that measure the effect of peripheral 
inflammation on pain sensitivity. The inflammation can be produced by injection of an irritant 
such as complete Freunds adjuvant, carrageenan, turpentine, croton oil etc into the skin, 
20 subcutaneously, into a muscle into a joint or into a visceral organ. Production of a controlled UV 
light burn and ischaemia can also be used. Administration of cytokines or inflammatory 
mediators such as lipopolysaccharide (LPS), or nerve growth factor (NGF) can mimic the effects 
of inflammation. The outcome of these models may also be measured as behavioral, 
electrophysiological, and/or neurochemical changes. 

25 Further, a "pain model" includes those tests that mimic peripheral neuropathic pain using 

lesions of the peripheral nervous system. Examples of such lesions include, but are not limited 
to complete transection of a peripheral nerve (axotomy; Watson, 1973, J. Physiol. 231 :41), 
liagation of a spinal segmental nerve (CHUNG model; Kim and Chung, 1992, Pain, 50:355-63), 
partial nerve injury (Seltzer, 1979, Pain, 29: 1061), Spared Nerve Injury model (Decosterd and 
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Woolf, 2000, Pain 87:149), chronic constriction injury (Bennett, 1993 Muscle Nerve 16: 1040), 
toxic neuropathies, such as diabetes (streptozocin model), pyridoxine neuropathy, taxol, 
vincristine and other antineoplastic agent-induced neuropathies, ischaemia to a nerve, peripheral 
neuritis models (e.g., CFA applied perineurally), models of postherpetic neuralgia using HSV 
5 infection. Such neuropathic pain models are also referred to herein as a "nerve injury pain 

model". The outcome of these neuropathic or nerve injury "pain models" can be measured using 
behavioral, electrophysiological, and/or neurochemical criteria as described above. 

In addition, a "pain model" refers to those tests that mimic central neuropathic pain using 
lesions of the central nervous system. For example, central neuropathic pain may be modeled by 
10 mechanical compressive, ischemic, infective, or chemical injury to the spinal cord of an animal. 
The outcome of such a model is measured using the behavioral, electrophysiological, and/or 
neurochemical criteria described above. 

Identification of Nucleic Acid Sequences Differentially Expressed in Pain 

In one embodiment, the present invention provides isolated nucleic acid sequences which 
15 are differentially regulated in an animal which has been subjected to neuropathic pain relative to 
an animal not subjected to neuropathic pain, and a method for identifying such sequences. The 
present invention provides a method for identifying a nucleotide sequence which is differentially 
regulated in an animal subjected to pain, comprising: hybridizing a nucleic acid sample 
corresponding to RNA obtained from the animal to a nucleic acid sample comprising one or 
20 more nucleic acid molecules of known identity; and measuring the hybridization of the nucleic 
acid sample to the one or more nucleic acid molecules of known identity, wherein a 1.4 fold 
difference in the hybridization of the nucleic acid sample to the one or more nucleic acid 
molecules of known identity relative to a nucleic acid sample obtained from an animal which has 
not been subjected to the same pain is indicative of the differential expression of the nucleotide 
25 sequence in an animal subjected to pain. Alternatively, the invention provides a method for 

identifying a nucleotide sequence which is differentially regulated in an animal subjected to pain, 
comprising: hybridizing at least three replicates of a nucleic acid sample corresponding to RNA 
obtained from the animal to at least three replicates of a nucleic acid sample comprising one or 
more nucleic acid molecules of known identity and measuring the hybridization of the nucleic 



55 



acid sample to the one or more nucleic acid molecules of known identity for each of said 
replicates. A 1.2 fold difference in the hybridization, and a p-value of less than 0.05 across the 
replicates, of the nucleic acid sample to the one or more nucleic acid molecules of known 
identity relative to a nucleic acid sample obtained from an animal which has not been subjected 
5 to pain is indicative of the differential expression of the nucleotide sequence in the animal 
subjected to pain 

Generally, the present invention provides a method for identifying nucleic acid sequences 
which are differentially regulated in an animal which has been subjected to pain comprising 
isolating messenger RNA from an animal, generating cRNA from the mRNA sample, 
hybridizing the cRNA to a microarray comprising a plurality of nucleic acid molecules stably 
associated with discrete locations on the array, and identifying patterns of hybridization of the 
cRNA to the array. According to the present invention, a nucleic acid molecule which 
hybridizes to a given location on the array is said to be differentially regulated if the 
hybridization signal is at least 1.4 fold higher or lower than the hybridization signal at the same 
location on an identical array hybridized with a nucleic acid sample obtained from an animal that 
has not been subjected to pain. Alternatively, at least three independent replicate RNA samples 
are generated and hybridized to at least three replicate arrays, such that statistical significance 
may be conferred to the fold change in expression of a sequence in an animal subjected to pain 
relative to an animal not subjected to pain, wherein a 1.2 fold change in expression and a p-value 
of less than 0.05 is indicative of differential expression. 

Nucleic Acid Samples 

Nucleic acid samples to be examined for differentially regulated sequences may be 
obtained from animals using techniques that are well described in the art. In a preferred 
embodiment of the invention, the animal from which the nucleic acid is obtained is a pain model. 
25 In one embodiment, an animal pain model is an experimental model which tests the sensitivity of 
normal animals to intense or noxious stimuli. These tests include responses to thermal, 
mechanical, or chemical stimuli. Thermal stimuli is usually hot (42 to 55°C) and includes 
radiant heat to the tail (the tail flick test) radiant heat to the plantar surface of the hindpaw (the 
Hargreaves test, supra), the hotplate test, and immersion of the hindpaw or tail in hot water. 
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Alternatively, thermal stimuli can be cold stimulus (30° to -10° C), such as immersion in cold 
water, acetone evaporation or cold plate tests which may be used to test cold pain responsiveness 
using the thresholds discussed above. The end points are latency to response and the duration of 
the response as well as vocalization and licking the paw, as described above. Mechanical stimuli 
5 typically involves measurements of the threshold for eliciting a withdrawal reflex of the hindpaw 
to graded strength monofilament von Frey hairs wherein one can measure the force of the 
filament required to elicit a reflex. Alternatively, mechanical stimuli can be a sustained pressure 
stimulus to a paw (e.g., the Ugo Basila analgesiometer). The duration of response to a standard 
pin prick can also be measured. Threshold values for identifying a stimulus that causes "pain" to 

10 the animal are described above. Chemical Stimuli typically involves the application or injection 
of a chemical irritant to the skin, muscle joints or internal organs like the bladder or peritoneum. 
Irritants can include capsaicin, mustard oil, bradykinin, ATP, formalin, or acetic acid. The 
outcome measures include vocalization, licking the paw, writhing or spontaneous flexion. In an 
alternate embodiment, the animal pain model is designed to measure changes in the excitability 

15 of the peripheral or central components of the pain neural pathway pain sensitization, termed 
peripheral sensitization and central sensitization. Peripheral Sensitization involves changes in 
the threshold and responsiveness of high threshold nociceptors which can be induced by: 
repeated heat stimuli, or application or injection of sensitizing chemicals (e.g. prostaglandins, 
bradykinin, histamine, serotonin, capsaicin, mustard oil). The outcome measures are thermal and 

20 mechanical sensitivity in the area of application/stimulation using the techniques described 
above in behaving animals or electrophysiological measurements of single sensory fiber 
receptive field properties either in vivo or using isolated skin nerve preparations. Central 
sensitization involves changes in the excitability of neurons in the central nervous system 
induced by activity in peripheral pain fibers. Central sensitization can be induced by noxious 

25 stimuli (e.g., heat) chemical irritants (e.g., injection/application of capsaicin/mustard oil or 
formalin or electrical activation of sensory fibers). The outcome measures are: behavioral, 
electrophysiological, and neurochemical. In a further embodiment, the animal pain model is an 
experimental model that measures the effect of peripheral inflammation on pain sensitivity. The 
inflammation can be produced by injection of an irritant such as complete Freunds adjuvant, 

30 carrageenan, turpentine, croton oil etc into the skin, subcutaneously, into a muscle into a joint or 
into a visceral organ using doses and administration techniques that are well known in the art. 
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Production of a controlled UV light burn and ischaemia can also be used. Administration of 
cytokines or inflammatory mediators such as lipopolysaccharide (LPS), or nerve growth factor 
(NGF) can mimic the effects of inflammation. The outcome of these models may also be 
measured as behavioral, electrophysiological, and/or neurochemical changes. 

5 In a preferred embodiment, the animal pain model is a model that mimic peripheral 

neuropathic pain using lesions of the peripheral nervous system (i.e., a nerve injury model). 
Examples of such lesions include, but are not limited to complete transection of a peripheral 
nerve (axotomy; Watson, 1973, J. Physiol. 231:41), liagation of a spinal segmental nerve (Kim 
and Chung, 1992, Pain, 50:355-63), partial nerve injury (Seltzer, 1979, Pain, 29: 1061), Spared 

10 Nerve Injury model (Decosterd and Woolf, 2000, Pain 87:149), chronic constriction injury 
(Bennett, 1993 Muscle Nerve 16: 1040), toxic neuropathies, such as diabetes (streptozocin 
model), pyridoxine neuropathy, taxol, vincristine and other antineoplastic agent-induced 
neuropathies, ischaemia to a nerve, peripheral neuritis models (e.g., CFA applied perineurally), 
models of postherpetic neuralgia using HSV infection. The outcome of these neuropathic pain 

1 5 models can be measured using behavioral, electrophysiological, and/or neurochemical criteria as 
described above. Alternatively, the neuropathic animal pain model may be one which mimics 
central neuropathic pain using lesions of the central nervous system. For example, central 
neuropathic pain may be modeled by mechanical compressive, ischemic, infective, or chemical 
injury to the spinal cord of an animal. The outcome of such a model is measured using the 

20 behavioral, electrophysiological, and/or neurochemical criteria described above. 

In a further preferred embodiment, the animal pain model is a model which mimics 
inflammation using injectable irritants and/or inflammatory mediators. Examples of such models 
include animals which are injected with, for example complete Freunds adjuvant (CFA), 
carrageenan, turpentine, croton oil, cytokines, lippopolysoccharide (LPS), or nerve growth factor 
25 (NGF) (Stein et al., 1 988 Pharmacol Biochem Behav 3 1 :445; Woolf et al, 1 994, Neuroscience, 
62: 327). The outcome of inflammation pain model can be measured using behavioral, 
electrophysiological, and/or neurochemical criteria as described above. 

Alternatively, nucleic acid samples may be obtained from animals which are not pain 
models, but which have been subjected to pain as a result of traumatic injury, infection, genetic, 

58 



( 



or congenital birth defects, and the like. In addition, nucleic acid samples may be obtained from 
an animal which is not a pain model, and which has not been subjected to pain as a result of a 
traumatic injury, or infection. Such an animal is termed a "naive" animal, and the expression of 
nucleic acid sequences in the naive animal can be compared to the expression of the same 
5 nucleic acid molecules in animals subjected to pain to determine differential expression. 

Nucleic acid samples, useful in the present invention for determining differential 
expression of nucleic acid sequences in an animal subjected to pain may be obtained from any 
cell of the animal. In a preferred embodiment, the nucleic acid is obtained from one or more 
sensory neurons of the animal In a further preferred embodiment the nucleic acid is obtained 
10 from the primary sensory neurons of the dorsal root ganglion or dorsal horn of the spinal cord. 
However, nucleic acid may be obtained from other neurons including, but not limited to cranial 
nerve nuclei, peripheral and/or central autonomic neurons, enteric neurons, thalamic neurons, 
and neurons of sensory regions of the cortex such as primary sensory cortex. 

Sensory neurons may be obtained from an animal using techniques that are well 

15 established in the art. For example, in embodiments where nucleic acid samples are to be 

obtained from rat dorsal root ganglion (DRG) neurons, rats (whether naive or pain models) are 
rapidly killed by decapitation and the DRG is dissected, removed and quickly snap-frozen on a 
bed of crushed dry ice, or in liquid nitrogen. RNA is then extracted from the tissues, also using 
techniques that are well known in the art (see, for example, Ausubel supra). For example, the 

20 tissue is prepared by homogenization in a glass teflon homogenizer in 1 ml denaturing solution 
(4M guanidinium thiosulfate, 25 mM sodium citrate, pH 7.0, 0.1M 2-ME, 0.5% (w/v) N- 
laurylsarkosine) per lOOmg tissue. Following transfer of the homogenate to a 5-ml 
polypropylene tube, 0.1 ml of 2 M sodium acetate, pH 4, 1 ml water-saturated phenol, and 0.2 ml 
of 49:1 chloroform/isoamyl alcohol are added sequentially. The sample is mixed after the 

25 addition of each component, and incubated for 1 5 min at 0-4°C after all components have been 
added. The sample is separated by centrifugation for 20 min at 10,000 x g, 4°C, precipitated by 
the addition of 1 ml of 100% isopropanol, incubated for 30 minutes at -20°C and pelleted by 
centrifugation for 10 minutes at 10,000 x g, 4°C. The resulting RNA pellet is dissolved in 0.3 ml 
denaturing solution, transferred to a microfiige tube, precipitated by the addition of 0.3 ml of 

30 100% isopropanol for 30 minutes at -20°C, and centrifuged for 10 minutes at 10,000 x g at 4°C. 
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The RNA pellet is washed in 70% ethanol, dried, and resuspended in 100-200iil DEPC-treated 
water or DEPC-treated 0.5% SDS (Chomczynski and Sacchi, 1987, Anal. Biochem ., 162: 156). 



Alternatively, total RNA may be extracted from tissues useful in the present invention 
using Trizol reagent (Invitrogen, Carlsbad, CA), following the manufacturers instructions. 
Purity and integrity of RNA is assessed by absorbance at 260/280 nm and separation of RNA 
samples on a 1% agarose gel followed by inspection under ultraviolet light. 

Following total RNA isolation from tissues or cell of an animal useful in the present 
invention, the RNA is converted to cRNA for use in array hybridization. The preparation of 
cRNA is well-known and well-documented in the prior art. 

In an alternate embodiment, the total RNA is converted to cDNA for use in array 
hybridization. cDNA may be prepared according to the following method. Total cellular RNA 
is isolated (as described) and passed through a column of oligo(dT)-cellulose to isolate polyA 
RNA. The bound polyA mRNAs are eluted from the column with a low ionic strength buffer. 
To produce cDNA molecules, short deoxythymidine oligonucleotides (12-20 nucleotides) are 
hybridized to the polyA tails to be used as primers for reverse transcriptase, an enzyme that uses 
RNA as a template for DNA synthesis. Alternatively, mRNA species are primed from many 
positions by using short oligonucleotide fragments comprising numerous sequences 
complementary to the mRNA of interest as primers for cDNA synthesis. The resultant RNA- 
DNA hybrid is converted to a double stranded DNA molecule by a variety of enzymatic steps 
well-known in the art (Watson et al., 1992, Recombinant DNA , 2nd edition, Scientific American 
Books, New York). 

Microarray analysis 

In one embodiment, the present invention provides a method for the identification of 
differentially expresses nucleic acid sequences in pain in which cDNA obtained from sensory 
neurons of animals subjected to pain is hybridized to a polynucleotide microarray of known 
genes or ESTs and the hybridization levels of the cDNA to the polynucleotide microarray are 
measured. 
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Microarrays, useful in the identification of differentially expressed nucleic acid 
sequences, may be any microarray known in the art which comprises known sequences. A 
polynucleotide microarray refers to a plurality of unique nucleic acids attached to one surface of 
a solid support at a density exceeding 20 different nucleic acids/cm 2 wherein each of the nucleic 
5 acids is attached to the surface of the solid support in a non-identical preselected region. In one 
embodiment, the nucleic acid attached to the surface of the solid support is DNA. In a preferred 
embodiment, the nucleic acid attached to the surface of the solid support is cDNA. In another 
preferred embodiment, the nucleic acid attached to the surface of the solid support is cDNA 
synthesized by polymerase chain reaction (PCR). Preferably, a nucleic acid comprising an array, 

10 according to the invention, is at least 20 nucleotides in length. Preferably, a nucleic acid 

comprising an array is less than 6,000 nucleotides in length. More preferably, a nucleic acid 
comprising an array is less than 500 nucleotides in length. In one embodiment, the array 
comprises at least 500 different nucleic acids attached to one surface of the solid support. In 
another embodiment, the array comprises at least 10 different nucleic acids attached to one 

15 surface of the solid support. In yet another embodiment, the array comprises at least 10,000 
different nucleic acids attached to one surface of the solid support. 

In a preferred embodiment, the microarray comprises known nucleic acid molecules 
stably associated with discrete predefined regions, and which are obtained from an animal of the 
same species as the animal which had been subjected to pain and from which the nucleic acid 

20 sample to be tested is obtained. In a preferred embodiment, the microarray is a commercially 
available microarray which may be obtained from a commercial source such as Affymetrix 
(Santa Clara, CA). For example, in one embodiment nucleic acid samples are obtained from a 
rat pain model and are hybridized to a polynucleotide microarray comprising known rat gene 
sequences and ESTs. In a further preferred embodiment, the microarray is an Affymetrix Gene 

25 Chip® array including, but not limited to the human U95 array, the murine U74 array, and the rat 
U34 array. 

In one embodiment three independent replicate nucleic acid samples are prepared from 
three separate pain model animals (for tissues with a low abundance of nerve cells, such as the 
DRG, samples from several animals may be pooled to generate a single replicate) are hybridized 
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to at least three replicate polynucleotide arrays, such that a statistical analysis may be performed 
on the resulting hybridization levels. 

Sample preparation 

Prior to hybridization of nucleic acid to the polynucleotide microarray, the nucleic acid 
5 samples must be prepared to facilitate subsequent detection of hybridization. The nucleic acid 
samples obtained from animals that have been subjected to pain (and from naive animals for the 
determination of differential expression) are referred to as "probes" for the microarray and are 
capable of binding to a polynucleotide or nucleic acid member of complementary sequence 
through one or more types of chemical bonds, usually through complementary base pairing, 
1 0 usually through hydrogen bond formation. 

As used herein, a polynucleotide derived from an mRNA transcript refers to a 
polynucleotide for which synthesis of the mRNA transcript or a subsequence thereof has 
ultimately served as a template. Thus, a cDNA reverse transcribed from an mRNA, an RNA 
transcribed from that cDNA, a DNA amplified from the cDNA, an RNA transcribed from the 

15 amplified DNA, etc., are all derived from the mRNA transcript and detection of such derived 
products is indicative of the presence and/or abundance of the original transcript in a sample. 
Thus, suitable target nucleic acid samples include, but are not limited to, mRNA transcripts of a 
gene or genes, cDNA reverse transcribed from the mRNA, cRNA transcribed from the cDNA, 
DNA amplified from a gene or genes, RNA transcribed from amplified DNA, and the like. The 

20 polynucleotide probes used herein are preferably derived from sensory neurons of an animal that 
has been subjected to pain. 

In the simplest embodiment, such a polynucleotide probe comprises total mRNA or a 
nucleic acid sample corresponding to mRNA (e.g., cDNA) isolated from sensory neurons, 
ganglia, nuclei, or brain tissue. In another embodiment, the total mRNA is isolated from a given 
25 sample using, for example, an acid guanidinium-phenol-chloroform extraction method and 
polyA+ mRNA is isolated by oligo dT column chromatography or by using (dT)n magnetic 
beads (see, e.g., Sambrook et al., Molecular Cloning: A Laboratory Manual (2nd ed.), Vols. 1-3, 
Cold Spring Harbor Laboratory, (1989), or Current Protocols in Molecular Biology, F. Ausubel 
et al., ed. Greene Publishing and Wiley-Interscience, New York (1987). In a preferred 
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embodiment, total RNA is extracted using TRIzol reagent (GffiCO/BRL). Purity and integrity of 
RNA is assessed by absorbance at 260/280nm and agarose gel electrophoresis followed by 
inspection under ultraviolet light. 

In some embodiments, it is desirable to amplify the probe nucleic acid sample prior to 
5 hybridization, for example, when total RNA is obtained from a small population of neurons. 

One of skill in the art will appreciate that whatever amplification method is used, if a quantitative 
result is desired, care must be taken to use a method that maintains or controls for the relative 
frequencies of the amplified polynucleotides. Methods of "quantitative" amplification are well 
known to those of skill in the art. For example, quantitative PCR involves simultaneously co- 
10 amplifying a known quantity of a control sequence using the same primers. This provides an 

internal standard that may be used to calibrate the PCR reaction. The high density array may then 
include probes specific to the internal standard for quantification of the amplified polynucleotide. 
Detailed protocols for quantitative PCR are provided in PCR Protocols, A Guide to Methods and 
Applications, Innis et al., Academic Press, Inc. N.Y., (1990). 

Other suitable amplification methods include, but are not limited to polymerase chain 
reaction (PCR) (Innis, et al., PCR Protocols. A guide to Methods and Application. Academic 
Press, Inc. San Diego, (1990)), ligase chain reaction (LCR) (see Wu and Wallace, Genomics, 4: 
560 (1989), Landegren, et al., Science, 241 : 1077 (1988) and Barringer, et al., Gene, 89: 1 17 
(1990), transcription amplification (Kwoh, et al., Proc. Natl. Acad. Sci. USA, 86: 1 173 (1989)), 
and self-sustained sequence replication (Guatelli, et al., Proc. Nat. Acad. Sci. USA, 87: 1874 
(1990)). 

In a particularly preferred embodiment, the probe nucleic acid sample mRNA is reverse 
transcribed with a reverse transcriptase and a primer consisting of oligo dT and a sequence 
encoding the phage T7 promoter to provide single stranded DNA template. The second DNA 
25 strand is polymerized using a DNA polymerase. After synthesis of double-stranded cDNA, T7 
RNA polymerase is added and RNA is transcribed from the cDNA template. Successive rounds 
of transcription from each single cDNA template results in amplified RNA. Methods of in vitro 
polymerization are well known to those of skill in the art (see, e.g., Sambrook, supra.) and this 
particular method is described in detail by Van Gelder, et al., Proc. Natl. Acad. Sci. USA, 87: 
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1663-1667 (1990) who demonstrate that in vitro amplification according to this method 
preserves the relative frequencies of the various RNA transcripts. Moreover, Eberwine et al. 
Proc. Natl. Acad. Sci. USA, 89: 3010-3014 provide a protocol that uses two rounds of 
amplification via in vitro transcription to achieve greater than 10 6 fold amplification of the 
5 original starting material thereby permitting expression monitoring even where biological 
samples are limited. 

In order to measure the hybridization of a probe nucleic acid to a polynucleotide array to 
determine differential expression, the probe nucleic acid is preferable labeled with a detectable 
label. Any analytically detectable marker that is attached to or incorporated into a molecule may 
10 be used in the invention. An analytically detectable marker refers to any molecule, moiety or 
atom which is analytically detected and quantified. 

Detectable labels suitable for use in the present invention include any composition 
detectable by spectroscopic, photochemical, biochemical, immunochemical, electrical, optical or 
chemical means. Useful labels in the present invention include biotin for staining with labeled 

15 streptavidin conjugate, magnetic beads (e.g., Dynabeads™), fluorescent dyes (e.g., fluorescein, 
texas red, rhodamine, green fluorescent protein, and the like), radiolabels (e.g., 3 H, 125 I, 35S, 14 C, 
or 32 P), enzymes (e.g., horse radish peroxidase, alkaline phosphatase and others commonly used 
in an ELISA), and colorimetric labels such as colloidal gold or colored glass or plastic (e.g., 
polystyrene, polypropylene, latex, etc.) beads. Patents teaching the use of such labels include 

20 U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149; and 
4,366,241. 

Means of detecting such labels are well known to those of skill in the art. Thus, for 
example, radiolabels may be detected using photographic film or scintillation counters, 
fluorescent markers may be detected using a photodetector to detect emitted light. Enzymatic 
25 labels are typically detected by providing the enzyme with a substrate and detecting the reaction 
product produced by the action of the enzyme on the substrate, and colorimetric labels are 
detected by simply visualizing the colored label. 

The labels may be incorporated by any of a number of means well known to those of skill 
in the art. However, in a preferred embodiment, the label is simultaneously incorporated into the 
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probe during the amplification step in the preparation of the probe polynucleotides. Thus, for 
example, polymerase chain reaction (PCR) with labeled primers or labeled nucleotides will 
provide a labeled amplification product. In a preferred embodiment, transcription amplification, 
as described above, using a labeled nucleotide (e.g. fluorescein-labeled UTP and/or CTP) 
5 incorporates a label into the transcribed polynucleotides. 

Alternatively, a label may be added directly to the original polynucleotide sample (e.g., 
mRNA, polyA mRNA, cDNA, etc.) or to the amplification product after the amplification is 
completed. Means of attaching labels to polynucleotides are well known to those of skill in the 
art and include, for example nick translation or end-labeling (e.g. with a labeled RNA) and 
10 subsequent attachment (ligation) of a polynucleotide linker joining the sample polynucleotide to 
a label (e.g., a fluorophore). 

In a preferred embodiment, the fluorescent modifications are by cyanine dyes e.g. Cy- 
3/Cy-5 dUTP, Cy-3/Cy-5 dCTP (Amersham Pharmacia) or alexa dyes (Khan, J., Simon, R., 
Bittner, M., Chen, Y., Leighton, S. B., Pohida, T., Smith, P. D., Jiang, Y., Gooden, G. C., Trent, 
15 J. M. & Meltzer, P. S. (1998) Cancer Res. 58, 50095013.). 

In a preferred embodiment, a probe nucleic acid obtained from an animal that has been 
subjected to pain and a nucleic acid sample obtained from an animal not subjected to pain are co- 
hybridized to the polynucleotide array. In this embodiment, the two probe samples used for 
comparison are labeled with different fluorescent dyes which produce distinguishable detection 
20 signals, for example, probes made from an animal pain model are labeled with Cy5 and probes 
made from a naive animal are labeled with Cy3. The differently labeled target samples are 
hybridized to the same microarray simultaneously. In a preferred embodiment, the labeled targets 
are purified using methods known in the art, e.g., ethanol purification or column purification. 

In a preferred embodiment, the probes will include one or more control molecules which 
25 hybridize to control sequences on the microarray to normalize signals generated from the 
microarray. Labeled normalization targets are polynucleotide sequences that are perfectly 
complementary to control oligonucleotides that are spotted onto the microarray. The signals 
obtained from the normalization controls after hybridization provide a control for variations in 
hybridization conditions, label intensity, "reading 11 efficiency and other factors that may cause 
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the signal of a perfect hybridization to vary between arrays. In a preferred embodiment, signals 
(e.g., fluorescence intensity) read from all other probes in the array are divided by the signal 
(e.g., fluorescence intensity) from the control probes thereby normalizing the measurements. 

Preferred normalization probes are selected to reflect the average length of the other 
5 probes present in the sample, however, they are selected to cover a range of lengths. The 
normalization control(s) can also be selected to reflect the (average) base composition of the 
other probes in the array, however in a preferred embodiment, only one or a few normalization 
probes are used and they are selected such that they hybridize well (i.e. no secondary structure) 
and do not match any other probe molecules. 

10 Hybridization to polynucleotide arrays 

To determine the differential expression of a nucleic acid sequence in an animal 
subjected to pain, labeled probe nucleic acids are hybridized to a polynucleotide array 
comprising polynucleotides of known sequence or identity. Polynucleotide hybridization 
involves providing a denatured probe and target polynucleotide under conditions where the probe 

1 5 nucleic acid member and its complementary target can form stable hybrid duplexes through 
complementary base pairing. The polynucleotides that do not form hybrid duplexes are then 
washed away leaving the hybridized polynucleotides to be detected, typically through detection 
of an attached detectable label. It is generally recognized that polynucleotides are denatured by 
increasing the temperature or decreasing the salt concentration of the buffer containing the 

20 polynucleotides. Under low stringency conditions (e.g., low temperature and/or high salt) hybrid 
duplexes (e.g., DNA:DNA, RNA:RNA, or RNAiDNA) will form even where the annealed 
sequences are not perfectly complementary. Thus specificity of hybridization is reduced at lower 
stringency. Conversely, at higher stringency (e.g., higher temperature or lower salt) successful 
hybridization requires fewer mismatches. 

25 The invention provides for hybridization conditions comprising the Dig (digoxygenin) 

hybridization mix (Boehringer); or formamide-based hybridization solutions, for example as 
described in Ausubel et al., supra and Sambrook et al. supra. 
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Alternatively, as described above, a preferred embodiment of the present invention 
comprises hybridizing probe nucleic acid molecules to an Affymetrix Gene Chip®. In this 
embodiment, hybridization of the probe nucleic acid molecules to the polynucleotide array is 
carried out according to the manufacturers instructions. 

5 Methods of optimizing hybridization conditions are well known to those of skill in the art 

(see, e.g., Laboratory Techniques in Biochemistry and Molecular Biology, Vol. 24: 
Hybridization With Polynucleotide Probes, P. Tijssen, ed. Elsevier, N.Y., (1993)). 

Following hybridization, non-hybridized labeled or unlabeled polynucleotide is removed 
from the support surface, conveniently by washing, thereby generating a pattern of hybridized 

10 probe polynucleotide on the substrate surface. A variety of wash solutions are known to those of 
skill in the art and may be used. The resultant hybridization patterns of labeled, hybridized 
oligonucleotides and/or polynucleotides may be visualized or detected in a variety of ways, with 
the particular manner of detection being chosen based on the particular label of the test 
polynucleotide, where representative detection means include scintillation counting, 

15 autoradiography, fluorescence measurement, calorimetric measurement, light emission 

measurement and the like. In the preferred embodiment, in which the probe nucleic acid is 
hybridized to an Affymetrix Gene Chip®, the hybridization pattern of the probe nucleic acid 
molecules is detected and measured according to the Affymetrix protocol, and using Affymetrix 
instrumentation. 

20 Following hybridization and any washing step(s) and/or subsequent treatments, as 

described above, the resultant hybridization pattern is detected. In detecting or visualizing the 
hybridization pattern, the intensity or signal value of the label will be not only be detected but 
quantified, by which is meant that the signal from each spot of the hybridization will be 
measured and compared to a unit value corresponding to the signal emitted by a known number 

25 of end labeled target polynucleotides to obtain a count or absolute value of the copy number of 
each end-labeled target that is hybridized to a particular spot on the array in the hybridization 
pattern. 

Expression analysis 
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Methods for analyzing the data collected from hybridization to arrays are well known in 
the art. For example, where detection of hybridization involves a fluorescent label, data analysis 
can include the steps of determining fluorescent intensity as a function of substrate position from 
the data collected, removing outliers, i.e., data deviating from a predetermined statistical 
5 distribution, and calculating the relative binding affinity of the test polynucleotides from the 
remaining data. The resulting data is displayed as an image with the intensity in each region 
varying according to the binding affinity between associated oligonucleotides and/or 
polynucleotides and the test polynucleotides. 

According to the present invention, there are three sets of measurements which may be 
10 used to determine differential expression of a polynucleotide obtained from an animal subjected 
to pain relative to an animal not subjected to pain. In one embodiment, differential expression 
may be determined by measuring the intensity ratio, as defined above, wherein a +/- 1 .4 fold 
change or greater in the intensity ratio is indicative of differential expression. In a preferred 
embodiment, differential expression may be determined by measuring the Affymetrix ratio using 
15 the software suite and manufacturers protocols, available from Affymetrix (Santa Clara, CA), 
wherein a change in expression of +/- 1 .4 fold or greater is indicative of differential expression. 

In another preferred embodiment, differential expression of sequences can be established 
if they are differentially expressed by at least 1.2 fold, with a p-value of less than 0.05, in a 
statistical analysis of triplicate array data points using an appropriate statistical analysis, such as 
20 the student's t-test. 

For example, Table 2 represents a composite of all those genes which were originally 
identified as differentially regulated by at least 1.4 fold in either SNI or axotomy pain models. 
Differential expression was subsequently evaluated in at least three replicate arrays using at least 
three replicate nucleic acid samples obtained from the animal nerve injury and inflammation pain 
25 models. From the replicate screening method, polynucletoide sequences can be identified as 
differentially expressed which have a lower fold change (i.e., lower than 1.4 fold) in expression 
in an animal subjected to pain, provided that a statistical analysis of the replicate data yields a p- 
value of less than 0.05. Tables 6 and 7 below show an example of an experimental replicate 
scheme which may be used to obtain the data shown in Table 2. The animal pain model is 
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indicated in the column labeled "animal model", and the elapsed time following the generation 
of the pain model (i.e., time post surgery) is indicated. Experiments can be performed on 
samples obtained from both dorsal horn (Table 6) and DRG (Table 7) tissues. 



Table 6. Affimetrix microarray experiments 






















Animal Model 


Time Points 




# 

hybridizati 
on exp 


Total # hybr. 
















CCI DH 


3d 


7d 


21d 


40d 


4x3 


12 


Chung DH 


3d 


7d 


21d 


iA 1 

40d 


4x3 


12 


SNI DH 


3d 


7d 


21d 


40d 


4x3 


12 
















Sham CCI=SNI DH 


3d 


7d 


21d 


none 


3x3 


9 


Sham Chung DH 


3d 


7d 


21d 


none 


3x3 


9 


Naive DH 










1x3 


3 














Total 














57 
















CFA injec. DH 


12h 


24h 


5d 




3x3 


9 




























Total 67 



Table 7. Affimetrix microarray experiments 


















Animal Model 


Time Poini 


ts 




# hybridization exp 














CCI DRG L4 


3d 


7d 


21d 


40d 


4x3 


Chung DRG L4 


3d 


7d 


21d 


40d 


4x3 


SNI DRG L4 


3d 


7d 


21d 


40d 


4x3 














CCI DRG L5 


3d 


7d 


21d 


40d 


4x3 


Chung DRG L5 


3d 


7d 


21d 


40d 


4x3 


SNI DRG L5 


3d 


7d 


21d 


40d 


4x3 














Sham CCI=SNI L4+L5 


3d 


7d 


21d 


none 


3x3 


Sham Chung L4+L5 


3d 


7d 


21d 


none 




Naive L4 










1x3 


Naive L5 










1x3 














CFA injec. DRG (L4+L5 
pool) 


12h 


24h 


5d 




3x3 



Total 105 



DH = dorsal horn of the spinal cord 

DRG = dorsal root ganglion 

CCI = chronic constriction of the sciatic nerve 

Chung = ligation of the spinal nerves L5 anf L6 (lombar region) distal to the correspondent 
dorsal root ganglions 

SNI = spare nerve injury model (ligation and axotomy of the tibial and pereonal nerves) 
CFA = injection in the paw of complete Freund's adijuvant (inflammatory pain model) 

The nerve injury pain models represented are the Spinal segmental nerve injury (Chung), 
Chronic Constriction Injury (CCI) and Spared Nerve Injury (SNI) models at time points 3, 7, 21 
and 40 days. The inflammatory model represented is intraplantar Complete Freund's Adjuvant 
(CFA) injection into the hind paw at 0.5, 1 and 5 days post injection. The tissue are lumbar 
DRGs and dorsal horn (i.e two tissues four models, 4 time points (3 for CFA) = 30 different pain 
comparisons each in triplicate each compared against the appropriate control. 

The following is an example of a detection protocol that may be used for the 
simultaneous analysis of two nucleic acid samples to be compared, wherein one sample is 
obtained from primary sensory neurons of an animal pain model and the other is obtained from 
primary sensory neurons of a naive animal, and wherein each sample is labeled with a different 
fluorescent dye, such as Cy3 and Cy5. This type of protocol would produce an intensity ratio. 

Each element of the microarray is scanned for the first fluorescent color. The intensity of 
the fluorescence at each array element is proportional to the expression level of that nucleic acid 
sequence in the sample. 

The scanning operation is repeated for the second fluorescent label. The ratio of the two 
fluorescent intensities provides a highly accurate and quantitative measurement of the relative 
gene expression level in the two primary sensory neuron samples. 

In a preferred embodiment, fluorescence intensities of the immobilized target nucleic acid 
sequences can be determined from images taken with a custom confocal microscope equipped 
with laser excitation sources and interference filters appropriate for the Cy3 and Cy5 
fluorophores. Separate scans were taken for each fluorophore at a resolution of 225 ^im 2 per 
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pixel and 65,536 gray levels. Image segmentation to identify areas of hybridization, 
normalization of the intensities between the two fluorophore images, and calculation of the 
normalized mean fluorescent values at each target are as described (Khan, J., Simon, R., Bittner, 
M., Chen, Y., Leighton, S. B., Pohida, T., Smith, P. D., Jiang, Y., Gooden, G. C, Trent, J. M. & 
5 Meltzer, P. S. (1998) Cancer Res. 58, 50095013. Chen, Y., Dougherty, E. R. & Bittner, M. L. 
(1997) Biomed. Optics 2, 364374). Normalization between the images is used to adjust for the 
different efficiencies in labeling and detection with the two different fluorophores. This is 
achieved by equilibrating to a value of (1) the signal intensity ratio of a set of internal control 
genes spotted on the array. 

10 Following detection or visualization, the hybridization pattern is used to determine 

quantitative information about the genetic profile of the labeled probe polynucleotide sample that 
was contacted with the array to generate the hybridization pattern, as well as the physiological 
source from which the labeled probe polynucleotide sample was derived. By genetic profile is 
meant information regarding the types of polynucleotides present in the sample, e.g. in terms of 

15 the types of genes to which they are complementary, as well as the copy number of each 

particular polynucleotide in the sample. From this data, one can also derive information about 
the physiological source from which the target polynucleotide sample was derived, such as the 
types of genes expressed in the tissue or cell which is the physiological source, as well as the 
levels of expression of each gene, particularly in quantitative terms. 

20 In a particularly preferred embodiment, where it is desired to quantify the transcription 

level (and thereby expression) of one or more polynucleotide sequences in a sample, the probe 
nucleic acid sample is one in which the concentration of the mRNA transcript(s) of the gene or 
genes, or the concentration of the polynucleotides derived from the mRNA transcript(s), is 
proportional to the transcription level (and therefore expression level) of that gene. Similarly, it 

25 is preferred that the hybridization signal intensity be proportional to the amount of hybridized 
polynucleotide. While it is preferred that the proportionality be relatively strict (e.g., a doubling 
in transcription rate results in a doubling in mRNA transcript in the sample polynucleotide pool 
and a doubling in hybridization signal), one of skill will appreciate that the proportionality is 
more relaxed and even non-linear. Thus, for example, an assay where a 5 fold difference in 

30 concentration of the probe mRNA results in a 3 to 6 fold difference in hybridization intensity is 
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sufficient for most purposes. Where more precise quantification is required appropriate controls 
are run to correct for variations introduced in sample preparation and hybridization as described 
herein. In addition, serial dilutions of "standard" probe mRNAs are used to prepare calibration 
curves according to methods well known to those of skill in the art. Of course, where simple 
5 detection of the presence or absence of a transcript is desired, no elaborate control or calibration 
is required. 

For example, if a microarray nucleic acid member is not labeled after hybridization, this 
indicates that the gene comprising that nucleic acid member is not expressed in either sample. If 
a nucleic acid member is labeled with a single color, it indicates that a labeled gene was 
1 0 expressed only in one sample. The labeling of a nucleic acid member comprising an array with 
both colors indicates that the gene was expressed in both samples. Even genes expressed once 
per cell are detected (1 part in 100,000 sensitivity). A 1.4-fold or greater difference in 
expression intensity in the two samples being compared is indicative of differential expression. 

Verification of differential expression 

1 5 The above methods result in the identification, using polynucleotide arrays comprising 

polynucleotides of known sequences, of nucleic acid molecules that are differentially expressed 
in an animal subjected to pain. Following the initial identification of such sequences using the 
microarrays, however, the differential expression is validated using techniques that are well 
known in the art. 

20 In one embodiment, following identification of a 1 .4 fold or greater difference in 

hybridization intensity in the sample obtained from an animal subjected to pain relative to a 
naive animal, reverse transcription PCR (RT-PCR) is performed using primers specific for the 
hybridizing sequence. For example, given that the identity and sequence of each nucleic acid 
comprising the polynucleotide array is known, if probe nucleic acid hybridizes at a given 

25 position on the array, one of skill in the art can design primers based on the sequence of the 

nucleic acid known to be at that position, which can then be used to amplify the known sequence 
from the original nucleic acid sample obtained from the animal. The technique of designing 
primers for PCR amplification is well known in the art. Oligonucleotide primers and probes are 
5 to 100 nucleotides in length, ideally from 17 to 40 nucleotides, although primers and probes of 
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different length are of use. Primers for amplification are preferably about 17-25 nucleotides. 
Primers useful according to the invention are also designed to have a particular melting 
temperature (Tm) by the method of melting temperature estimation. Commercial programs, 
including Oligo™ (MBI, Cascade, CO), Primer Design and programs available on the internet, 
5 including Primer3 and Oligo Calculator can be used to calculate a Tm of a nucleic acid sequence 
useful according to the invention. Preferably, the Tm of an amplification primer useful 
according to the invention, as calculated for example by Oligo Calculator, is preferably between 
about 45 and 65° C and more preferably between about 50 and 60° C. Preferably, the Tm of a 
probe useful according to the invention is 7° C higher than the Tm of the corresponding 
10 amplification primers. It is preferred that, following generation of cDNA by RT-PCR, the cDNA 
fragment is cloned into an appropriate sequencing vector, such as a PCRII vector (TA cloning 
kit; Invitrogen). The identity of each cloned fragment is then confirmed by sequencing in both 
directions. It is expected that the sequence obtained from sequencing would be the same as the 
known sequence originally spotted on the polynucleotide array. 

15 In one embodiment, following sequence confirmation of the identity of the differentially 

expressed polynucleotide, the differential expression of the polynucleotide in sensory neurons of 
an animal subjected to pain relative to a naive animal is confirmed by Northern analysis. 
Sequence confirmed cDNAs are used to produce 32 P-labeled cDNA probes using techniques well 
known in the art (see, for example, Ausubel, supra), or commercially available kits (Prime-It Kit, 

20 Stratagene, La Jolla, CA). Northern analysis of total RNA obtained from naive animals and 

animals subjected to pain is then performed using classically described techniques. For example, 
total RNA samples are denatured with formaldehyde / formamide and run for two hours in a 1% 
agarose, MOPS-acetate-EDTA gel. RNA is then transferred to nitrocellulose membrane by 
upward capillary action and fixed by UV cross-linkage. Membranes are pre-hybridized for at 

25 least 90 minutes and hybridized overnight at 42° C. Post hybridization washes are performed as 
known in the art (Ausubel, supra). The membrane is then exposed to x-ray film overnight with 
an intensifying screen at -80° C. Labeled membranes are then visualized after exposure to film. 
The signal produced on the x-ray film by the radiolabeled cDNA probes can then be quantified 
using any technique known in the art, such as scanning the film and quantifying the relative pixel 

30 intensity using a computer program such as NIH Image (National Institutes of Health, Bethesda, 
MD), wherein at least a 2 fold, preferably a 1 .4 fold increase or decrease in the hybridization 
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intensity of the radiolabeled probe obtained from the animal subjected to pain relative to the 
naive animal validates the differential expression observed using the polynucleotide microarray. 

In an alternate embodiment, the differential expression of polynucleotide sequences, first 
identified using the polynucleotide microarrays is verified using the Taqman™ (Perkin-Elmer, 
5 Foster City, CA) techniques, which is performed with a transcript-specific antisense probe. This 
probe is specific for the PCR product (e.g. a nucleic acid sequence identified using the 
microarray as being differentially regulated) and is prepared with a quencher and fluorescent 
reporter probe complexed to the 5 5 end of the oligonucleotide. Different fluorescent markers can 
be attached to different reporters, allowing for measurement of two products in one reaction. 

10 When Taq DNA polymerase is activated, it cleaves off the fluorescent reporters by its 5'-to-3' 
nucleolytic activity. The reporters, now free of the quenchers, fluoresce. The color change is 
proportional to the amount of each specific product and is measured by fluorometer; therefore, 
the amount of each color can be measured and the RT-PCR product can be quantified. The PCR 
reactions can be performed in 96 well plates so that samples derived from many individuals can 

15 be processed and measured simultaneously. The Taqman™ system has the additional advantage 
of not requiring gel electrophoresis and allows for quantification when used with a standard 
curve. Quantitative analysis of the mRNA levels for a given gene present in the originally 
obtained sample from an animal subjected to pain permits a determination of the differential 
expression of the particular mRNA relative to that obtained from a naive animal. A fold increase 

20 or decrease in expression of a nucleic acid sequence from an animal subjected to pain of at least 
2 relative to a naive animal is indicative of differential expression, and is sufficient to validate 
the differential expression first identified using the polynucleotide microarray. 

In a still further embodiment, the differential expression of a polynucleotide identified 
using microarray analysis is verified by in situ hybridization. Given that the sequence of each of 

25 the nucleic acid molecules on the microarray used to identify differential expression is known, 
labeled cDNA or antisense RNA probes can be generated using techniques which are known in 
the art (Ausubel et al., supra). The probes are then hybridized to fixed (e.g., fixed in 4% 
paraformaldehyde) thin (5-50 ^m) tissue sections of, for example, the dorsal root ganglion. 
Briefly, prior to hybridization, the tissue sections are incubated in acetic anhydride, dehydrated 

30 in graded ethanols, and de-lipidated in chloroform. Tissue sections are then hybridized with one 
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or more labeled probes for 24 hours at 45° C. Hybridized probe may be subsequently detected 
using techniques which are compatible with the label incorporated in the probe. The level of 
hybridization may be quantitated using any technique known to those of skill in the art. For 
example, the hybridization signal may be photographed, and the photograph scanned into a 
5 computer and the hybridization signal quantitated using software such as NIH Image (NIH, 

Bethesda, MD). The measured level of hybridization may then be correlated with the differential 
expression level measured using the microarray analysis. 

In a further embodiment, differential expression of sequences, identified based on the 1.4 
fold threshold criteria, described above, can be verified as being differentially expressed if they 
10 are differentially expressed by at least 1 .2 fold, with a p- value of less than 0.05, in a statistical 
analysis of triplicate array data points using an appropriate statistical analysis, such as a student's 
t-test. 

Differentially Expressed Polynucleotides 

The present invention provides polynucleotides and genes which are differentially 
expressed in an animal which has been subjected to pain relative to an animal not subjected to 
pain, wherein the differential expression is determined using the methods described above. 
Using the above methods a number of polynucleotides have been identified which are 
differentially expressed in an animal subjected to pain. These polynucleotides and their 
respective human homologs, as well as the polypeptide molecules encoded thereby are shown in 
Tables 1,2, 3,4, or 5. 

Table 1 shows a group of differentially expressed polynucleotides and genes, several of 
which demonstrate an at least 1.4 fold change in expression in an animal subjected to pain in 
both axotomy and SNI pain models relative to naive animals; indicated by the Fold Change of 
Axotomy/Naive or SNI/Naive. Those polynucleotides that are not differentially expressed by at 
25 least +/- 1 .4 fold are not considered to be differentially expressed according to the invention. 
The polynucleotides of Table 1 have been previously suggested to be involved in the 
mechanisms of pain and neuronal injury. The present invention, however, distinguishes these 
polynucleotides by providing a threshold of differential expression which is less than that 
previously accepted for such analysis. 
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Table 2 shows polynucleotides of the present invention which have been established as being 
differentially expressed by at least 1 .4 fold in an axotomy, SNI, or inflammation animal pain 
model, and which have been further analyzed by triplicate analysis as shown in Tables 6 and 7. 
The polynucleotide sequences shown in Table 2 have been established herein as being 
differentially expressed by at least 1.2 fold, with a level of statistical significance of p<0.05 as 
determined by a student's t-test over at least three replicate assays (the replicate assay schemes 
are shown in Tables 6 and 7), in several animal pain models measured at several post operative 
time points. The nerve injury pain models represented are the Spinal segmental nerve injury 
(Chung), Chronic Constriction Injury (CCI) and Spared Nerve Injury (SNI) models at time points 
3, 7, 21 and 40 days. The inflammatory model represented is intraplantar Complete Freund's 
Adjuvant (CFA) injection in to the hind paw at 0.5, 1, and 5 days post injection. The tissue are 
lumbar DRGs and dorsal horn (i.e two tissues four models, 4 time points (3 for CFA) = 30 
different pain comparisons each in triplicate each compared against the appropriate control. 

Table 3 shows polynucleotide sequences of the present invention which have been 
15 established as being differentially expressed by at least 1.4 fold, but which have not attained a 
statistical significance of p<0.05 according to the triplicate analysis scheme shown in Tables 6 
and 7. The polynucleotide sequence shown in Table 3, however, are considered to be 
"differentially expressed" according to the present invention, despite the fact that the triplicate 
analysis has not established a significance of p<0.05. 

20 Table 4 shows polynucleotides of the present invention which are upregulated by at least 

1.4 fold in a rat inflammation pain model as indicated by either or both of the Intensity Ratio 
NaiVe/SNI or Affymetrix Ratio data column, and which have not been previously suggested to 
be involved in the cellular response to pain. 

Table 5 shows polynucleotides of the present invention which are downregulated by at 
25 least 1 .4 fold in a rat inflammation pain model as indicated by either or both of the Intensity 
Ratio Naive/SNI or Affymetrix Ratio data column, and which have not been previously 
suggested to be involved in the cellular response to pain. The data in tables 4 and 5 represents an 
average of the Intensity Ratios and Affymetrix Ratios obtained from inflammation pain models 
at 3 hours, 6 hours, 12 hours, 24 hours, 48 hours and 5 days following induction of inflammation. 
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Table 10 shows a subset of the polynucleotides and polypeptides of the Tables 1-5 above, 
which are differentially expressed in the DH and/or DRG in at least two of the neuropathic pain 
models selected from spared nerve injury (SNI), chronic constriction injury (CO), and the 
CHUNG model. For inclusion in Table 10, the gene had to show two consecutive significant 
5 incidents of differential regulation, one of which had to reach the fold threshold. According to 
the invention, a gene which is differentially expressed in more than one pain model is much 
more likely to have a general role in pain. 

Table 1 1 shows a subset of the genes of Table 10 which are highly regulated in pain. The 
genes of Table 10 were selected based on their coordinate regulation in either the DRG or DH 

10 and for which, based on the known or deduced function of the gene (e.g., as a transmembrane 
receptor), have been determined by the invention to have a role in the production or modulation 
of pain by changing the properties, excitability, structure and/or connectivity of neurons in pain 
pathways. Accordingly, reference to the genes (polynucleotides or polypeptides) of Tables 1-5 
of the invention, necessarily encompasses the genes set forth in Tables 10 and 1 1 . According to 

15 the invention, of the genes which are differentially expressed as described herein, the genes of 
Table 10 is a preferred set of differentially expressed genes useful for screening, treatment, and 
pain modulation as described below. More preferred for screening assays, treatment, and pain 
modulation according to the invention, is the set of genes indicated in Table 11. 

As indicated in the tables of the invention, the column labeled "% homology" indicates 
20 the percent identity between the human and rat (or mouse if the rat sequence is not available) 

sequences. In some cases, the polynucleotide sequence indicated in Table 2, 3, 4, or 5 is an EST 
sequence. Accordingly, the column labeled "former identifier" indicates the accession number 
of the gene sequence having the closest homology, as determined by a BLAST search, to the 
EST sequence. The column labeled "identifier" in conjunction with the columns labeled 
25 "description" and "protein type" indicate the function of the proteins encoded by the 

polynucleotides of Tables 1, 2, 3, 4, or 5 and specifically indicated in Tables 2, 3, 4, or 5. The 
column labeled "subcellular localization" indicates the known location of the protein encoded by 
the polynucleotide sequences noted in the Table in specific compartments in the cell. 
Accordingly, those proteins which are indicated in the Table as being secreted may be useful, as 
30 described below, as protein drugs for modulating the activity of one or more proteins indicated in 
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the table, or for treating pain as described herein. Similarly, proteins which are indicated as 
being integral membrane proteins may be cell surface receptors, and may be screened against 
candidate compounds to identify compounds which regulate their activity as described below. 
The columns labeled "rat gene SEQ ID No.", "rat protein SEQ ID No. 55 , "human gene SEQ ID 
5 No. 5 ', and "human protein SEQ ID No." in Tables 2-3 indicates the SEQ ID No. corresponding to 
the sequence identified by the corresponding accession number. 

In addition to the polynucleotides indicated in Tables 1, 2, 3, 4, or 5, the scope of the 
invention further includes variations, and/or mutations in the polynucleotide sequences, 
including SNPs and other conservative variants that do not alter the functionality of the encoded 

10 polypeptide, including sequences having at least 30% homology with the polynucleotide 

sequences shown in Tables 1, 2, 3, 4, or 5, but encoding a protein having the equivalent function 
to the protein encoded by the polynucleotide sequences shown in Tables 1, 2, 3, 4, or 5. The 
present invention further encompasses the human homologs to the polynucleotide sequences 
indicated in Tables 1, 2, 3, 4, or 5, and the polypeptide sequences encoded thereby. The 

15 invention still further encompasses the polypeptide sequences encoded by the polynucleotide 
sequences shown in Tables 1, 2, 3, 4, or 5. The Accession no. for the polypeptide sequence is 
shown in Tables 2, 3, 4, or 5 (the protein accession number is not indicated for Table 1, as all of 
these genes are known in the art). The present invention also encompasses a variant, domain, 
epitope, or fragment of the polypeptide molecules indicated in Tables 1, 2, 3, 4, or 5, provided 

20 that the variant, domain, epitope, or fragment has an equivalent function to that of the 

polypeptide indicated in Tables 1, 2, 3, 4, or 5 (i.e., the function for the proteins indicated in 
Tables). 
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AB010467 Rattus norvegicus mRNA for 
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AB016161cds Rattus norvegicus mRNA for 
GABAB receptor 1d, complete cds 


AB016161UTR#1 Rattus norvegicus mRNA 
for GABAB receptor 1d, complete cds 
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AB016800 Rattus norvegicus mRNA for 7- 
dehydrocholesterol reductase, complete cds 
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AB016800 Rattus norvegicus mRNA for 7- 
dehydrocholesterol reductase, complete cds 
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dehydrocholesterol reductase, complete cds 
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protein, partial cds 
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complete cds 
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complete cds 
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complete cds 


AB017544 Rattus norvegicus Pex14 mRNA 
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complete cds 
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Smad2 protein, complete cds 


AB017912 Rattus norvegicus mRNA for 
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AB017912 Rattus norvegicus mRNA for 
Smad2 protein, complete cds 


AB019393 Rattus norvegicus mRNA for 
myocilin, complete cds 
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PMF31, complete cds 
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AF030050 Rattus norvegicus replication 
factor C mRNA, partial cds 
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and neurotransmitter-induced early gene 2 
(ania-2) mRNA, 3 UTR 
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(ania-2) mRNA, 3 UTR 
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(ania-2) mRNA, 3 UTR 


AF030089UTR#1 Rattus norvegicus activity 
and neurotransmitter-induced early gene 4 
(ania-4) mRNA, 3 UTR 


AF030091 UTR#1 Rattus norvegicus activity 
and neurotransmitter-induced early gene 6 
(ania-6) mRNA, 3 UTR 


AF030091UTR#1 Rattus norvegicus activity 
and neurotransmitter-induced early gene 6 
(ania-6) mRNA, 3 UTR 
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AF030091UTR#1 Rattus norvegicus activity 
and neurotransmitter-induced early gene 6 
(ania-6) mRNA, 3 UTR 


AF030091UTR#1 Rattus norvegicus activity 
and neurotransmitter-induced early gene 6 
(ania-6) mRNA, 3 UTR 


AF030358 Rattus norvegicus chemokine 
CX3C mRNA, complete cds 


AF030358 Rattus norvegicus chemokine 
CX3C mRNA, complete cds 
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mRNA, complete cds 


AF031 528 Rattus norvegicus green-sensitive 
opsin mRNA, partial cds 
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Rattus 
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chemokine 
CX3C mRNA, 
complete cds 


Rattus 
norvegicus 
chemokine 
CX3C mRNA, 
complete cds 
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AF031642 Rattus norvegicus kidney urea 
transporter (UT4) mRNA, complete cds 


AF031657mRNA Rattus norvegicus zinc- 
finger protein 94 (Zfp94) gene, partial cds 


AF032120 Rattus norvegicus GLUT1 
transporter C-terminal binding protein mRNA, 
complete cds 


AF032120 Rattus norvegicus GLUT1 
transporter C-terminal binding protein mRNA, 
complete cds 


AF032120 Rattus norvegicus GLUT1 
transporter C-terminal binding protein mRNA, 
complete cds 
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AF033109 Rattus norvegicus syntaxin 8 
mRNA, complete cds 


AF033109 Rattus norvegicus syntaxin 8 
mRNA, complete cds 


AF034218 Rattus norvegicus hyaluronidase 
(Hyal2) mRNA, complete cds 
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AF065387 Rattus norvegicus vitamin K- 
dependent gamma-glutamyl carboxylase 
mRNA, complete cds 
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mRNA, complete cds 
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mRNA, complete cds 
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mRNA, complete cds 
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mRNA, complete cds 


AF065438 Rattus norvegicus mama mRNA, 
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AF07241 1 Rattus norvegicus fatty acid 
trans locase/CD36 mRNA, complete cds 


AF07241 1 Rattus norvegicus fatty acid 
translocase/CD36 mRNA, complete cds 


AF072439 Rattus norvegicus zinc-finger 
protein-37 mRNA, complete cds 


AF072439 Rattus norvegicus zinc-finger 
protein-37 mRNA, complete cds 


AF074609mRNA Rattus norvegicus MHC 
class I antigen (RT1,EC3) gene, complete cds 
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AF076183 Rattus norvegicus cytosolic 
sorting protein PACS-1 a (PACS-1) mRNA, 
complete cds 


AF076183 Rattus norvegicus cytosolic 
sorting protein PACS-1 a (PACS-1) mRNA, 
complete cds 


AF077354 Rattus norvegicus ischemia 
responsive 94 kDa protein (irp94) mRNA, 
complete cds 


AF077354 Rattus norvegicus ischemia 
responsive 94 kDa protein (irp94) mRNA, 
complete cds 


AF077354 Rattus norvegicus ischemia 
responsive 94 kDa protein (irp94) mRNA, 
complete cds 
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AF077354 Rattus norvegicus ischemia 
responsive 94 kDa protein (irp94) mRNA, 
complete cds 


AF078779 Rattus norvegicus putative four 
repeat ion channel mRNA, complete cds 


AF078779 Rattus norvegicus putative four 
repeat ion channel mRNA, complete cds 


AF078779 Rattus norvegicus putative four I 
repeat ion channel mRNA, complete cds 


AF078779 Rattus norvegicus putative four 
repeat ion channel mRNA, complete cds 
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AF078779 Rattus norvegicus putative four 
repeat ion channel mRNA, complete cds 


AF078779 Rattus norvegicus putative four 
repeat ion channel mRNA, complete cds 


AF079873 Rattus norvegicus splicing factor 1 
homolog mRNA, partial cds 


AF080468 Rattus norvegicus putative 
glycogen storage disease type 1b protein 
mRNA, complete cds 


AF080468 Rattus norvegicus putative 
glycogen storage disease type 1 b protein 
mRNA, complete cds 
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AF080468 Rattus norvegicus putative 
glycogen storage disease type 1b protein 
mRNA, complete cds 


AF080468 Rattus norvegicus putative 
glycogen storage disease type 1b protein 
mRNA, complete cds 


AF080468 Rattus norvegicus putative 
glycogen storage disease type 1b protein 
mRNA, complete cds 


AF080468 Rattus norvegicus putative 
glycogen storage disease type 1b protein 
mRNA, complete cds 


AF081144 Rattus norvegicus CL1AA mRNA, 
complete cds 


AF081144 Rattus norvegicus CL1AA mRNA, 
complete cds 
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AF081196 Rattus norvegicus calcium and 
DAG-regulated guanine nucleotide exchange 
factor il mRNA, complete cds 


AF081365 Rattus norvegicus ATP-regulated 
K+ channel ROMK1.1 isoform mRNA, 
complete cds 


AF083330 Rattus norvegicus kinesin-like 
protein KIF3C (KIF3C) mRNA, complete cds 


AF084186 Rattus norvegicus alpha-fodrin 
(A2A) mRNA, complete cds 
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serine/threonine protein kinase TA01 mRNA, 
complete cds 
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AF090134 Rattus norvegicus lin-7-Ba mRNA, 
complete cds 


AF091247 Rattus norvegicus potassium 
channel (KCNQ3) mRNA, complete cds 


AF091561 Rattus norvegicus isolate AIV-LY1 
olfactory receptor mRNA, partial cds 


AF091563 Rattus norvegicus isolate QIL-LD1 
olfactory receptor mRNA, partial cds 


AF091563 Rattus norvegicus isolate QIL-LD1 
olfactory receptor mRNA, partial cds 


AF091569 Rattus norvegicus isolate HGL- 
SP3 olfactory receptor mRNA, partial cds 


AF091570 Rattus norvegicus isolate HGL- 
SP2 olfactory receptor pseudogene, partial 
sequence 
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insulin- 
secreting 
cells, de" 


AF091578 Rattus norvegicus isolate EVA- 
TN1 olfactory receptor mRNA, partial cds 


AF091834 Rattus norvegicus N- 
ethylmaleimide sensitive factor NSF mRNA, 
partial cds 


AF091834 Rattus norvegicus N- 
ethylmaleimide sensitive factor NSF mRNA, 
partial cds 


AF092450 Rattus norvegicus JIP-1 related 
protein (JRP) mRNA, complete cds 
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Rattus 
norvegicus 
JIP-1 b mRNA, 
complete cds 
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"A kinase 
anchor protein 
1, mitochondrial 
precursor 
(Protein kinase 
Aanchoring 
protein 1) 
(PRKA1)(A- 
kinase anchor 
protein 121 
kDa) 

(AKAP121) 
(Dual specificity 
A-Kinase 
anchoring 
protein 1) (D- 
AKAP-1)(" 


















Mitochondrial 
outer 

membrane . 


















AF092523 Rattus norvegicus A-kinase 
anchor protein 84 mRNA, complete cds 


AF093268 Rattus norvegicus homer-1 c 
mRNA, complete cds 


AF095576 Rattus norvegicus APS protein 
mRNA, complete cds 


AF095741 Rattus norvegicus MG87 mRNA, 
complete cds 


AF095741 Rattus norvegicus MG87 mRNA, 
complete cds 


AF095927 Rattus norvegicus protein 
phosphatase 2C mRNA, complete cds 


AF095927 Rattus norvegicus protein 
phosphatase 2C mRNA, complete cds 


AF095927 Rattus norvegicus protein 
phosphatase 2C mRNA, complete cds 


AF095927 Rattus norvegicus protein 
phosphatase 2C mRNA, complete cds 
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Neural-cadherin 
precursor (N- 
cadherin) 
(Cadherin-2). 


Ubiquitin- 
conjugating 
enzyme E2 G1 
(EC 6.3.2.19) 
(Ubiquitin- 
proteiniigase 
G1) (Ubiquitin 
carrier protein 
G1)(E217K) 
(UBC7). 


Ubiquitin- 
conjugating 
enzyme E2 G1 
(EC 6.3.2.19) 
(Ubiquitin- 
proteinligase 
G1) (Ubiquitin 
carrier protein 
G1)(E217K) 
(UBC7). 


Ubiquitin- 
conjugating 
enzyme E2 G1 
(EC 6.3.2.19) 
(Ubiquitin- 
proteinligase 
G1) (Ubiquitin 
carrier protein 
G1)(E217K) 
(UBC7). 


Ubiquitin- 
conjugating 
enzyme E2 G1 
(EC 6.3.2.19) 
(Ubiquitin- 
proteinligase 
G1) (Ubiquitin 
carrier protein 
G1)(E217K) 
(UBC7). 


Type 1 
membrane 
protein . 










AF097593 Rattus norvegicus testicular N- 
cadherin mRNA, complete cds 


AF099093 Rattus norvegicus ubiquitin- 
conjugating enzyme UBC7 mRNA, complete 
cds 


AF099093 Rattus norvegicus ubiquitin- 
conjugating enzyme UBC7 mRNA, complete 
cds 


AF099093 Rattus norvegicus ubiquitin- 
conjugating enzyme UBC7 mRNA, complete 
cds 


AF099093 Rattus norvegicus ubiquitin- 
conjugating enzyme UBC7 mRNA, complete 
cds 












Cadherin 2, 
type 1 , N- 
cadherin 
(neuronal) 


Ubiquitin- 
conjugating 
enzyme UBC7 
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conjugating 
enzyme UBC7 
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conjugating 
enzyme UBC7 
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conjugating 
enzyme UBC7 
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Transcription 
factor BTEB1 
(Basic 
transcription 
element 
bindingprotein 
1)(BTE-binding 
protein 1)(GC 
box binding 
protein 1). 
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box binding 
protein 1). 




"ATPase 
inhibitor, 
mitochondrial 
precursor." 
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precursor." 
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D12769 RATBTEB Rattus norvegicus mRNA 
for BTE binding protein 


D12769 RATBTEB Rattus norvegicus mRNA 
for BTE binding protein 


D12927 RATSIIT1 Rattus sp. mRNA for 
transcription elongation factor S-ll, complete 
cds 


D13122 RATATPI Rattus norvegicus mRNA 
for ATPase inhibitor protein, complete cds 


D13122 RATATPI Rattus norvegicus mRNA 
for ATPase inhibitor protein, complete cds 


D13122 RATATPI Rattus norvegicus mRNA 
for ATPase inhibitor protein, complete cds 
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complete cds 
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complete cds 
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complete cds 
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mRNA for 
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inhibitor 

protein, 

complete cds 
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"Mitochondrial 
processing 
peptidase beta 
subunit, 

mitochondrialpr 
ecursor (EC 
3.4.24.64) (Beta- 
MPP) (P-52)." 


"Mitochondrial 
processing 
peptidase beta 
subunit, 
mitochondrialpr 
ecursor (EC 
3.4.24.64) (Beta 
MPP) (P-52)." 


"Mitochondrial 
processing 
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subunit, 

mitochondrialpr 
ecursor (EC 
3.4.24.64) (Beta- 
MPP) (P-52)." 


"Solute carrier 
family 2, 
facilitated 
glucose 
transporter, 
member 
3(Glucose 
transporter type 
3, brain)." 


Metabotropic 
glutamate 
receptor 6 
precursor 
(mGluR6). 
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D1 3907 Rat mRNA for mitochondrial 
processing protease P52, partial sequence 
/cds=(0,1463) /gb=D13907 /gi=397698 
/ug=Rn.841 /len=1570 


D13907 Rat mRNA for mitochondrial 
processing protease P52, partial sequence 
/cds=(0,1463) /gb=D13907 /gi=397698 
/ug=Rn.841 /len=1570 


D13907 Rat mRNA for mitochondrial 
processing protease P52, partial sequence 
/cds=(0,1463) /gb=D13907 /gi=397698 
/ug=Rn.841 /len=1570 


D13962 RATGLUT3 Rat mRNA for neuron 
glucose transporter 


D13963 RATMGLUR6 Rat mRNA for 
metabotropic glutamate receptor subtype, 
complete cds 


D13978 Rattus sp. mRNA for 
argininosuccinate lyase, complete cds 
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"Chloride 
conductance 
regulatory 
protein ICIn 
(l(Cln)) 

(Chloridechanne 
1, nucleotide 
sensitive 1A)." 


"Chloride 
conductance 
regulatory 
protein ICIn 
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I, nucleotide 
sensitive 1A)." 
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D13985 RATRCL Rat mRNA for chloride 
channel RCL1 , complete cds 


D13985 RATRCL Rat mRNA for chloride 
channel RCL1 , complete cds 


D14014 RATCYCLD1 Rat mRNA for cyclin 
D1, complete cds 


D14014 RATCYCLD1 Rat mRNA for cyclin 
D1, complete cds 


D14014 RATCYCLD1 Rat mRNA for cyclin 
D1, complete cds 


D14014 RATCYCLD1 Rat mRNA for cyclin 
D1, complete cds 


D14015 RATCYCLE Rat mRNA for cyclin E, 
complete cds 


D14015 RATCYCLE Rat mRNA for cyclin E, 
complete cds 


D14418 Rattus norvegicus PP2A ARa mRNA 
for A regulatory subunit of protein 
phosphatase 2A, partial cds 


D14419 Rattus norvegicus PP2A BRa mRNA 
for B regulatory subunit of protein 
phosphatase 2A, partial cds 


D14421 RATPP2ABRB Rat PP2A BRb 
mRNA for b isotype of B regulatory subunit of 
protein phosphatase 2A, partial sequence 
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Calcineurin B 
subunit isoform 
1 (Protein 
phosphatase 2B 
regulatorysubun 
it 1) (Protein 
phosphatase 3 
regulatory 
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isoform 1). 


Dual specificity 
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(MAP kinase 
kinase 1) 
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(ERK activator 
kinase 
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"Myosin 
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D14421 RATPP2ABRB Rat PP2A BRb 
mRNA for b isotype of B regulatory subunit of 
protein phosphatase 2A, partial sequence 


D14568 RATRSCDPP Rat mRNA for 
calcineurin B 


D14591 RATMEK1 Rat mRNA for MAP 
kinase kinase, complete cds 


D14688 RATMRLC Rattus norvegicus mRNA 
for myosin regulatory light chain, complete 
cds 
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D45249 RATPRPA28B Rat mRNA for 
proteasome activator rPA28 subunit alpha, 
complete cds 


D45249 RATPRPA28B Rat mRNA for 
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S63521 glucose-regulated protein GRP78 
[rats, thyroid gland, mRNA, 1343 nt] 


S65355 nonselective-type endothelin 
receptor [rats, brain, mRNA, 2018 nt] 


S65355 nonselective-type endothelin 
receptor [rats, brain, mRNA, 2018 nt] 


S65555 gamma-glutamylcysteine synthetase 
light chain [rats, kidney, mRNA, 1380 nt] 


S65555 gamma-glutamylcysteine synthetase 
light chain [rats, kidney, mRNA, 1380 nt] 


S65555 gamma-glutamylcysteine synthetase 
light chain [rats, kidney, mRNA, 1380 nt] 


S65555 gamma-glutamylcysteine synthetase 
light chain [rats, kidney, mRNA, 1380 nt] 


S66024 transcriptional repressor CREM [rats, 
pineal gland, mRNA, 436 nt] 


S66024 transcriptional repressor CREM [rats, 
pineal gland, mRNA, 436 nt] 


S66184 lysyl oxidase {3 region} [rats, 
fibroblasts, mRNA Partial, 253 nt] 
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S77900 myosin regulatory light chain isoform 
C [rats, Sprague-Dawley, new-born, heart 
ventricle, mRNA, 1008 nt] 


S77900 myosin regulatory light chain isoform 
C [rats, Sprague-Dawley, new-born, heart 
ventricle, mRNA, 1008 nt] 


S78217 protein phosphatase 1 gamma 1 
[rats, striatum, mRNA Partial, 1508 nt] 


S78218 protein phosphatase 1 beta [rats, 
striatum, mRNA, 2668 nt] 


S78218 protein phosphatase 1 beta [rats, 
striatum, mRNA, 2668 nt] 


S78218 protein phosphatase 1 beta [rats, 
striatum, mRNA, 2668 nt] 


S78218 protein phosphatase 1 beta [rats, 
striatum, mRNA, 2668 nt] 


S78556 grp75=75 kda glucose regulated 
protein [rats, Sprague-Dawley, brain, mRNA, 
3001 nt] 


S78556 grp75=75 kda glucose regulated 
protein [rats, Sprague-Dawley, brain, mRNA, 
3001 nt] 


S78556 grp75=75 kda glucose regulated 
protein [rats, Sprague-Dawley, brain, mRNA, 
3001 nt] 


S78556 grp75=75 kda glucose regulated 
protein [rats, Sprague-Dawley, brain, mRNA, 
3001 nt] 
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